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| @ | | 50X1-HUM 
, : | fable of Conventional Designations = #  #§. — (p 2) 

PPS - -_ Centimeter-wave transceiver cabinet | 
PS - Centimeter-wave transmitter | 
TS ~ Thyratron unit of centimeter-wave transmitter 
VVS ~ High-voltage receifier of centimeter-wave transmitter . 
PRS=1L _- Centimeter-wave receiver 
ShU-1 = Control cabinet . 
TK-03 - Slip ring 
APS-1 . | | 
B,V,G,D,> - Centimeter-wave antenna switch ge 
Ye,Zh ; 
BZ - Trigger unit 
ABZ | - Emergency trigger unit 
FD-02 ~ Main ‘selsyn unit 
VPL-30 ~ High-frequency unit 
PDU=-1 - Remote control panel 
RL-30-1 + Radio relay. line 
MKe1 - Elevating mechanism for vertical beam antenna - 
MKP - Elevating mechanism for slant beam antenna 
SD1 - Selsyn of horizontal reflector elevating unit 
SDP - Selsyn of slant reflector elevating unit 
SMS - Centimeter-wave magnetron coupling element 
VZhS - Centimeter-wave rigid waveguide . 
VPS - Centimeter-wave waveguide coupling 
Vss - Waveguide mixer of centimeter-wave signal 
UVCh-L . - Travelling-wave tube microwave amplifier — (p 3) 
SGS-1 - Flexible centimeter-wave coupling - 
OV-1 - Vertical reflector radiating element 
ON-1 » Slant reflector radiating element a 
RK - Distributor box | . 
KK-1 ‘ ; es 
KK-2 — « Cable junction box 
KK-3 | : 

i ee IKO-1 - Plan position indicator 

‘a IKO-KPN: - PPI of command guidance post 
TAD-1 - Azimuth-range indicator 
TIV-1 ~- Height measurement indicator 
DUS-1: ~~ Station remote control cabinet 
ZN-Fl = = Master voltage cabinet 
BP-150 - Power supply unit - 150 voits 
| VS-3 - IKO-1 and TIAD-1 video signal unit — 
/ vs-4. - IIV-l video signal unit 


SS-1 ~ Signal mixer 
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Table of Conventional Designations for NRZ-1 Ground Radar poh ereogesor 








«- Transceiver unit 
7 - Transmitter 
~15 - Receiver 
2 -~ Transceiver power supply unit 
- Antenna 
- Antenna drive unit 
- Phase detector unit 
Cé6ntzel panel Co 
- Distributing and chroult protecting unit 
- Indicator 
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~50X1-HUM | 
CHAPTER ONE - —(p 4) 
eek GENERAL INFORMATION | 
- 1. Function of the Station 


“1. -The P- -30M mobile radar (Figure 1) serves forthe detection and 


ee  gaentdfication of aircraft, determination of their coordinates, and the 


ree of friendly fighter aircraft toward enemy aircraft. 


“2. Composition of the Station 


a The P-30M radar unit contains: | : — ee SR Ee ears Ses 


a vehicle No 1 (transceiver cabin) -- trailer type KZU-16; 
ee galiieis No 2 (indicator vehicle) -- truck ZIL-157; 
VF ee vehicle No 3 (electrical power unit) -- trailer type 2PN-6; 
a vehicle No 4 (electrical power unit) -- trailer type 2PN-6; 
‘ee vehicle ‘is 5 (prime mover type ATS); 
- vehicle No 6 (antenna stowage) -- trailer type 2PN-4; 
e- vehicle No 7 (RL-30-1 power supply) -- trailer type 1-AP-1.5; 


— apparatus and equipment of the command post which are transported 


- in containers and special boxes. . 


{page 6 - probably text - missing] 


a= PPI (IKO-1) cabinet (p 9) 
-- azimith-range indicator (IAD-1) cabinet; 
e- height indicator (IIV-1) cabinet; 
i 


-- transmitter cabinet P-ll-l of radio relay line RL-30-1; 


-- transceiver and indicator cabinet of peeeeaceenon 
system NRZ-1; 


-- identification system unit (B-12)3 | _  80X1-HUM_ 
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} | 50X1-HUM 
Pig h. Vehicle No 2 (truck with indicators) (p 10) 
-Fig 5. Electric Power Unit (trailer) — (p 11) 
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6 =. : ) + 50X1-HUM. 
eee en es ae 10- ine telephone switchboard; : 7 


oo radio : ‘get type R-109D for communication with command Bee 


ue . 
; 
‘ ' 


-e©- spare parts cabinet; 
i 
eS -- auxiliary equipment (ventilating-heating — lights, 
ae cable boxes, cable spools with cable,. chairs, bte.). | 


Electrical power unit (vehicles No 3 and 4). This sete includes 
two electrical power units -~ main and reserve. te Ge Ot | 


Oae of the trailers with an electrical power ca is shown eae Des: 
- Bach trailer contains: a 3 G ase 7 | | a 
" tae diesel generator type ESD~50-V/2305 | 

~«- distributing board; } 

-- auxiliary equipment (cable boxes, fuel tanks with fuel, etc.). 


Vehicle No 5. Figure 6 shows an external view of vehicle No 6. The 
trailer has special attachments for storing and securing movable parts. 


The following components are carried on the trailer platform: (p 13] 
-- reflectors in a special container; 


the riged beam of the reflector; | | 7 


-= beam for attachment of horizontal reflector; 


-- cantilever for attachment of horizontal reflector; 


high-frequency unit VPL-30 in a special housing; 
-- boxes with measuring instruments; 


©«- box with theodolite, etc. 


, | | ‘The body of the trailer is covered with a tarpaulin. 
50X1-HUM 
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7 The prime mover (vehicle No 5). Figure 7 shows an overall view of 

the prime mover. 
A sxb 4s located on the front bumper of the prime mover for the purpose 

of mounting the antenna system of the station. During transport, the 
jib is secured to the platform of the trailer. In addition, the trailer. 
platform is used to carry boxes with the waveguides and the mast of the 
transmitting antenna of the RL-30-1 system. | 


4, Basic Installations of the Station, Their 
Function and Principles of Operation 


The P-30M station contains the following basic installations: 
-- centimeter-wave transceiver; | 

-- NRZ-1 transceiver; 

ee station indicators; 

-» radio relay line; 

-- indicators of the command guidance: post; 


je- electrical power units. 


Centimeter-Wave Transceivers (p 15) 


The centimeter-wave transceivers provide for the detection of 
aircraft and the determination of their coordinates -- slant range, i 
azimuth, and altitude. 





Transceiver of the Identification System 


The ground radar interrogator NRZ-1 included in the make-up of the 
radar unit is designed for operation in a system of radar identification 
for ascertaining the identity of aircraft equipped with the appropriate 
Sdentification apparatus. 


The principle of operation of the identification system is as follows, 


An interrogator operates on the principle of automatic radio communication 
with a special "responder" unit located in the aircraft. 


90X1-HUM 
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When an interrogation is sent, the interrogator transmitter generaves 
short high-frequency pulses which are radiated by the antenna in the 
direction of the interrogated aircraft. 

i - 


The interrogation signals are received by the aircrait sesponder, and 
the responder automatically generates and transmits coded response signals 
at the same frequency. The response signals are coded on the basis of the 
duration of the pulses and their phase sequence. 


{page 16 (text) missing] 
The indicator equipment includes: the plan position indicators, (p 17) 
the azimuth-range indicator, the height measurement indicator, the 
plan position monitoring indicator located in the station's remote 
control cabinet, and the master-voltage cabinet. 


The plan position indicator (IKO-1) is used to observe the position 
of the target in space and then to determine its slant range and azimuth. 


The display on the screen of the indicator (Figure 8) is produced in 
a polar coordinate system, since the movement of the electron beam along 
the radius of the screen (from the center to the edge) corresponds to 
range scanning,and the rotation of this line corresponds to azimuth 
“. =". Ag a result, an undistorted plan of the position of the target 
'. yeproduced on the screen of the indicator. 


Tne azimuth range indicator (IAD-1) makes it possible to observe any 
sector of the zone of operation of the station on an enlarged scale and 
to more accurately determine the range and azimuth of the target. 


The display on the screen of this indicator (Figure 9) is produced 
in a rectangular coordinate system. Azimuth scanning is carried out 
on the horizontal axis and range scanning on the vertical. 


This display on the screen corresponds to the true position of the 
target in the chosen sector of space and is. used in guidance operations 
for closing aircraft. 

The ‘height measurement indicator (IIV-1) serves for determining {p 20) 

rela. reciente tence tticaneinfvsindMeenranisaDichcontete 
the altitude of targets. 


Two markers from each target (corresponding to the horizontal 
and vertical channels of the station) are produced on the screen of 
this indicator (Figure 10). The altitude of the target is read from 
a scale projected on the screen of a cathode-ray tube by a special 
tical device. | 
™ 50X1-HUM 
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Fig 10. Image On the Screen of the IIV (Height= 
| Measurement) Indicator | . (p 21) 


a. 20-degree angie scale 
b. 40-degree angle scale -. 
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50X1- HUM. 3 
The plan position indicator monitor ts identical to the main PPI - 
and is used to evaluate the overall aerial situation and for remote 
_ control of the operation of all equipment in the station. This 
indicator operates in conjunction with the remote control panel of the 
transceiver apparatus . 


he master voltage cabinet includes-equipment for the generation 
of trigger pulses and range markers and voltages for the synchronous — 
tracking system. Also located in the master voltage cabinet. in vehicle oh 
No 2 is apparatus for protecting the video signals against none yacnneagye go ee 
pulse noises. 7 * 4 


A block diagram of the indicator equipment is given in Figure 14: 


The Radio Relay Line 





The display of the air situation observed. on the PPI scope of 
the station is transmitted to indicators at the command guidance pose | 
by means of a radio relay line (RL=-30-1). a 


The transmitter for the line is located in the indicator vehicle (p23) 
of the station. The radio relay line receiver is located at the 
command guidance post at a distance of not more than 15 km from the 
station. | 


Blectrical Power Supply Equipment 


Power for the station may be taken from a 220-volt, 50-cps three- | Da 
phase industrial line with a power consumption on the order of 33 kvas an 
or the station may be supplied from its own electrical power units. a 


Two electrical power units -- the main and the reserve -- are 
included in the components of the P-30M station. Each unit can provide. 
8-hour continuous operation of the station. The station need not be 
shut down when changing. from an industrial power source to operation 
from its own power source or when changing from the main electrical power 
unit to “ne reserve » 


The station transmitters are supplied with a high-frequency voltage 
at oO cps. A frequency converter (type VPL-30) is used for this 
purpose ° m 


| The receiver of the radio relay line and the indicators of the 
command guidance post are supplied from a separate type AD~5 unit. 


An ‘over-all block diagram of the station is given in Figure ‘12. | 50OX1-HUM - 
Pa a s ae | 
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CHAPTER II . a (p 25) 


- 4 


‘THE ANTENNA EQUIPMENT 


i The Make-Up of the Antenna 
The antenna equipment consists of: 


-- two antennas for centimeter-wave channels: one vertical . 
beam antenna and one slant beam antenna. . . 
| 1 4 
Figure 3 shows the positions of the antenna equipment on the trans~. 


ceiver cabin. a 


The vertical beam antennas use horizontal reflector lL. The 
radiator unit 2 consists of a bank of radiating elements. 





The slant beam antennas use slant reflector element 3 with radia-"" | 
ting element unit 4. : | : * 


The radiating elements of the horizontal and slant reflectors are 
shown in Figures 13 and 14. a 


2. The Vertical Beam Antenna for Centimeter-Wave Channels 


“The vertical beam antenna for centimeter wave channels consists of a 
one horizontal reflecting element and a unit of the radiating elements - 


(Figure 15). | | . 


The initial position of the reflector is with its optical axis at m 
an angle of plus 4°20' to the horizontal. 





Figure 16 shows an over-all view of the directivity pattern of 
the antenna in the vertical plane with the radiator in the initial 
position. | 

Each of the radiating elements is connected to a separate tran- (p 30) 
sceiver (channels one, two and three). 

The horn antenna of the second’ channel is positioned on the | 
optical axis of the reflector, since the maximum directivity pattern 
of this channel coincides with the direction of the optical axis of 
the reflector. The horn radiator of the first channel is positioned 
above the radiator of the second channel and, in keeping with its 
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Ng Lye Radiating Elements of the Slant Reflector (p 27) 








re 


-Fig 15. Radiating Elements of the Vertical-Beam Antenna 
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Directivity Pattern of ‘the Vertical-Beam 


_. Antenna in the Vertical Plane 


(p 29) 
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-Fig 17. ‘Types of Dipoles (p 31) 


a. large cap-—type dipole 
b,c. small cap-type dipoles 
d. ball-type dipole 





Fig 18. Radiators of the Slant-Beam Antenna (p 33) 
(without protective housing and lock) 
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, extends down into the waveguide determines what part of the power fed .'” 





EE ee ee 








maxium directivity pattern, slants toward the optical axis of the 
reflector by an angle of minus two degrees. Below the second channel. : 
radiator is the third channel nine-dipole radiator, which forms an 
iso-altitudinal directivity pattern, the maximum of which is at an 
angle of plus 6.5 degrees to the horizontal. 





50X1-HUM |: 


The horns are designed so that nearly all of their radiated energy 
will fall on the surface of the reflector. This is accomplished by 
an appropriate choice of the flare angle of the horns and by special 
cylindrical divergent lenses installed in front of each of the horns. 
The horns are matched to the feeder waveguides (waveguide mst operate 
in a traveling-wave mode) by means of diaphragms inside the horns. The 
dimensions and positioning of the diaphragms are determined during | 
factory adjustment of the radiating unit. 


The reflector of the third channel consists of half-wave dipoles 
of various types (Figure 17) installed on the wide wall of the feeder | 
waveguide. Each dipole is fed by a short segment of a coaxial line, (p 32) 
the inside conductor of which is terminated in a stub which extends 
into the cavity of the waveguide. The distance that the coupling stub 


to the third channel radiator is diverted to the other dipole. The 
distribution of power to the dipoles is selected so as to provide an 
iso-altitudinal directivity pattern for the third channel. Most of 
the power is fed to the dipole closest to the focus of the reflector; 
for this reason the diameter of the coaxial line where the dipole is 
connected is larger than that of the other dipoles (Figure 15a). The 
coupling element of this dipole is made-in the form of a cap. The 
coupling stubs of the second, third and. fourth dipoles are rods with 
spheres at the end (Figure 17 g); the fifth, sixth, seventh, eighth 
and ninth dipoles have cap-type coupling elements (Figure 17 b, v)... 


The radiator of the third channel is matched by placing the shorted 
(grounded) wall of the waveguide above the first dipole. 


All the radiators in the unit are covered with a protective penoplast 
housing. 


3. The Siant Beam Antenna for Centimeter-Wave Channels 


+ sme mee ee a eee 
= sa Se. - . 


The slant beam antenna for centimeter-wave channels consists of — 
one slant reflector and a unit of three radiators (Figure 18). 


All the radiators are enclosed in a protective housing of peno- (p 36) 
plast. | 


ao a 
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Fig 19.. 


(p 35) 
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The Reflector 


Fig 20 
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4h. The Reflector 


The antenna system has two reflectors(Figure 3, positions 1 and 3), 
each of which (Figure 20) is a truncated paraboloid of revolution. 


. The reflector dimensions are 9.7 x 3 meters; the focal distance is 
2.5 meters. | . 


Both reflectors are similar in design, with ridged frame re- 
inforcement. The ridged frame is a riveted box-type design of duralu- 
minum sheets and is made up of three parts: the center part has a 
continuous rectangular cross section, and the peripheral sections have 
& variable rectangular cross section. 


In order to increase the strength and rigidity of the frame construc- 
tion, transverse septa are riveted along its entire length. Circular 
holes are cut into both sides of the frame in order to reduce the weight 
and wind loads. | 


On the frame of the reflector are eleven grating sections, which are | 
attached to the frame by means of clips. The ends of the grating sections 
are attached to the frame by tubular struts. A grating section consists 
of a section, or structural panel, of stressed aluminum screening with 
a 10 x 10-mm mesh. When installed, the sections make up the working 
surface of the reflector. | 


Figures 21 and 22 show the method of fixing the reflector to the (p 38) | | 
cabin. Pe | 


The horizontal reflector is attached to the horizontal frame on,_ 
the front of the cabin by means of two swivel joints, which are two of 
the support points for the reflector. The third support point is . 
connected to the rocking mechanism. 7 


The reflector unit is attached by means of a bracket. 


The horizontal frame is fastened to two supporting plates attached 
to the wall of the cabin. On one plate, the frame is attached to a 
pin, and on the other plate, the frame is attached by spring bolts. 


The adjustment of the reflector in the horizontal position is done 
by rotating the frame on the pin by means of adjusting bolts. After 
the adjustment, the spring bolts are stressed. 


One of the swivel joints of the frame on which the reflector is 
suspended has a special screw mechanism which moves the reflector in 


“the horizontal plane in order to set the reflector at an angle OF0X4 -HUM 
10 degrees with respect to the slant reflector. 
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Fig 21. Attachment of the Slant Reflector to the Cabin 


1. cabin 

2. special bracket (left) (p 39) 
3. special bracket (right) | 
4. slant reflector 

5. rocking bracket 
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Fig 22. Attachment of the Horizontal Reflector to the Cabin 
1. ° cabin . - . 
2. horizontal reflector | : 
3. rocking mechanism (p 40) 
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The slant reflector is wetanhad to 4 ‘trihedral, girder nate attached 


On the lower edge of the reflector are two chocks with lugs that | 
fit into the brackets of the cr unit and attach to it a of 
pins. | . 


At the three support points on the back of the reflector are-the (p41) - 


connections of the frame of the rocking mechanism, the rear end of 
which is connected to the ‘rod of the rocking mechanism. 


5 / The Reflector Rocking Mechanism 


The rocking mechanism changes the angle of inclination of the . _ 
reflector and correspondingly changes the directivity pattern in the 
vertical plane: from -29 to +8° for the horizontal reflector, and 


from -2° to 78° for the slant reflector, both in relation to the 


original positions. 


Remarks: To guarantee the adjustment of the reflectors, the following 
ranges of adjustment are possible with the rocking mechanisms:. 


-|- 8° (+ 0.3°) to -.7° (+0.3°) for the slant reflector.: 
in the vertical plane; and 


-- 8° (+ 0.3°) to - 5° (ro. 3°) for the horizontal seFlector 


in the vertical plane. 


} 


The rocking mechanism for the horizontal reflector is attached — . hey 


at one end to the strut of the horizontal frame, and at the other end 
to the three-point reflector attachment. 


The rocking mechanism of the slant reflector is attached at one end 
to the bracket.on the cover of the cabin, and at the other end to the 
rear end of the frame of the rocking mechanism of the slant reflector. 


The rocking mechanism (Figure 23) consists of an electric motor 1 
attached to reduction-gear housing 2 by.a flange. Inside the reduction- | 


_ gear housing is the worm gear and its worm wheel. 


The worm wheel is connected to the nut of the drive screw. On the 
drive screw are two collars which disconnect the drive-screw nut from — 
the worm wheel, thereby disengaging the mechanism, when the screw moves 
to the end position. The final position of the mechanism is set during . 
factory adjustment by shifting the collars. On the housing of the — 
rocking mechanism and on the drive screw are swivel joints 3 and 4, 


. -Which attach the rocking mechanism to the cabin and to the reflector. 
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_Fig 23. The Rocking Mechanism (p 43) 
1. electric motor 


2. reduction~gear housing 


2 yh swivels for attaching the mechanism 
5. dial 
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The reduction gear has a device which is used to shut off the 
motor to adjust the rocking mechanism manually with a wrench. 
Dial 5, which indicates the angle setting of the reflector when it. 
is Manes manually, is attached to the drive screw. 
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CHAPTER THREE ~~ (pbk) | 
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1. High-Frequency Channels of the Centimeter Range 


Block Diagram of the Channel 





The station has six high-frequency channels all similar in construc- | 
tion. The block diagram of one of the high-frequency channels is shown 
on Figure 24. ’ | 

The following basic components comprise the centimeter-wave channel: 


- magnetron coupling element SMS 
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~ rigid waveguide VZhs 
« antenna switch APS-1 with a mixer of the AFC channel 


- waveguide coupling VPS for coupling of the antenna switch 
with the high-frequency amplifier incorporating a traveling-wave tube 


-o flexible coupling SGS-1 


- waveguide channel terminating in a radiator. 
Magnetron Coupling Element 


The magnetron coupling element SMS (Figure 25) serves as a non- 
reflecting coupling between the magnetron coaxial output and the wave- 
guide. Two types of magnetrons with different outputs of high-frequency 
energy are used in the centimeter-wave transmitters. In conjunction _ 
with this, two types of magnetron coupling elements dre used. (p 47) . 


‘The first type of magnetron coupling element is in the form of a 
T-shape coupling between the coaxial line and the waveguide. 


It consists. of a waveguide section 1 having a 38 x 88.5 mm cross 
section which gradually changes to a section 34 x 72 m. The latter 
waveguide section is rigidly connected through an opening in its wide 
wall to a cylindrical brass section (‘:bushing 2) which serves as an 
external conduit to the coaxial transmissién line. 


This section is connected with the aid of lock nut 3 to the external 
conductor of the coaxial output of the magnetron. . | 
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ad “Fig 2h. Block Diagram of One of the Centimeter-Range Channels 
! | of the High-Frequency System (p 45) 


1 

| a. 1. reflector 

: | | 2. radiating element 

| 3. waveguide channel with SGS 
4. antenna switch 

: , Dd» rigid waveguide 

| | a _ 6, magnetron coupling element 

! } | : 7. magnetron 

8, waveguide coupling 
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Fig 25. Magnetron Coupling Element SMS (p 46) 
1. rectangular waveguide 5. exciter 
2. bushing 6. tip 
3. lock nut 7. flange 
4. quarter-wave cavity 8. throw lock 
9. air pipe 
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A reliable contact at the junction is formed by a quarter-wave 
shorted cavity 4. A cylindrical stub with exciter 5 is connected to 
the middle part of the side wall of the waveguide. The stub axis coincides 
with thé axis of the external conductor of the coaxial cable. The ex- 
citer has a hole for connection with the internal conductor of the co- © 
axial cable. The internal conductor of the coaxial cable is in a form 
of a split brass cylinder (tip 6) which is connected at one end with the 
- exciter and at the other end with the extension of the magnetron loop. 
The coupling loop extension forms the internal conductor of the magnetron - 
coaxial outlet. 
The waveguide part of the magnetron coupling element has, at the (p 48) 
smaller cross section, flange 7 for connection to rigid waveguide VZhsS . 
with the aid of throw locks 8; on the other side it is closed. The high- - |. 
ca frequency energy is transmitted from the magnetron through the coaxial 
2 5" gable to the exciter, wen in turn, excites a type Hp, wave in the 


waveguide. 
The horizontal part of ‘the T-shape coupling, on which the exciter is | ge 
~ mounted, can be looked upon as an inner conductor of a short-circuited . I 


coaxial cable connected to the end of an exciter. The waveguide wall - 

serves in this case as an outer conductor. The dimensions of the sgetron'/ © 
coupling-element components and their mutual positions are selected in 

such a manner, that within the range of the centimeter waves used, the 
transfer of energy from the magnetron to the waveguide takes place without 
appreciable reflection. On the narrow side walls of the SMS element are 

four slots for the exit of hot air. | . 


Air if forced by a blower through tube 9 to cool the magnetron 
outlet. is 


The second type of the magnetron coupling element SMS-B (Figure 26) . 
consists of a 3x 72 mm waveguide chamber 1, which is closed at one end. 


At the coupling of unit SMS-B with the magnetron,a coaxial line is 
formed in which the inside surface of bushing 2 serves as the outer 
conductor, and the magnetron stub 3 serves as the inner conductor. For 
better matching,the inside surface of the bushing is tapered. (p 50) 


The waveguide is thus excited by a dipole which is a continuation 
of the stub. To ensure dielectric strength at the coupling, the magnetron 
stub is enclosed in an evacuated glass envelope 4. A blower supplies 
air through tube 5 for cooling the magnetron outlet and the glass 
| envelope; this air escapes through the Louvers cut in the side walls 

of the ‘chamber. | 
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. Fig 26. Magnetron Coupling Element SMS-B (p.49) 
1 - : lL. waveguide chamber — | tee, & ms 
| we : 2. bushing ‘ - 
= | 3. magnetron stub ’ 
_ | 4. glass envelope my 
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Fig 27. Rigid Waveguide 


(p 51) 





Fig 28. General View of the 
Antenna Switch (p 53) 


rectangular waveguide 
directional coupler 
flange for connection of 
the rectangular discharge 
gap | 

BR : 4, ATR-chamber with round 
(crc : discharge gap 
| | ‘ AFC mixer 
connection for measurements 
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The shape of the pinnae and its connection to the next element of ne , 


. Channel is similar to that of the first type SM. 


ihe Guauaeeeen coupling element is located in the transmitter unit 


” cabinet PS, is rigidly connected to the magnetron bracket, and serves to 
- gupport the magnetron. 


Rigid Waveguide 


The ela waveguide VZhS connects ieinins 27) element SMS to the 


antenna switch. / 


It is in the form of a section of rectangular rigid waveguide. | 
Flanges, soldered to both ends of the rigid waveguide, connect to element 
SMS and the antenna switch. <A choke flange is used to connect element 
SMS, and a plain flange is used to connect the antenna switch. 


Antenna Switch | (p 52). 


During the transmission period the antenna switch ensures conduction © 
of high-frequency energy from the magnetron to the antenna, and protects 
the receiver from overvoltage. During the reception period it ensures 
conduction of high-frequency energy from antenna to receiver without 
excessive losses. 


The antenna switch consists of a section of rectangular waveguide on 
which are mounted two gas-welded discharge gaps, a directional coupler 
and AFC channel mixer (description of the latter is given in chapter VII). 


A general view of the antenna switch is shown in Figure 28, and the 
block diagram in Figure 29. 


The lower discharge gap type RR-7 (Figure 30) is placed in a cavity 
resonator which is coupled with the waveguide by a slot in the narrow 
wall. The resonator with the discharge gap is called the anti-transmit~ 


_ receive switch (ATR). 


At a distance of 1/2 XL from the ATR-switch ( X is the wavelength) 
on the wide wall of the rectangular waveguide is mounted a rectangular 
discharge gap (Figure 30). | 


When the channel is assembled, the gap is mounted between the antenna 
switch and the flange of the waveguide coupling. A branch consisting 
of a half-wave section and a pace ae anee distharge gap is called the 


OTR eyeeens 
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K QHNenne _o.? Fig 29. Block Diagram of 
c— the Antenna Switch (p 54) 






oT ‘to TW-tube amplifier 
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1. ATR switch 
2. TR switch 
3. AFC mixer 
4. directional 
coupler 
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AFC channel 
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Fig 30. Gas Dischargers (p 54) 


a. RR-7 discharger b. rectangular discharger 
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@ The rectangular discharge gap serves as a preliminary protection. (p 55) 
| i | 


The discharger RR-7 consists of a glass envelope filled with argon. 
In the ¢nvelope are placed two brass diaphragms on which are mounted 
hollow tapering stubs with a small ‘gap between them; this gap can be 
7 regulated by a screw placed in the end wall of the discharger. When 
| Placed in the chamber, the discharger forms a toroidal resonator, the 
! | _ resonance frequency of which is controlled by the magnitude of the gap ; 
between the tapering stubs. . 
: The preliminary-protection discharger consists of. a quarter-wave 
! waveguide section.’ The ends of the section are closed by diaphragms in 
| form of metal sheets with rectangular openings. The glass envelope is 
filled with argon and an admixture of water vapors; the envelope has a 
rectangular shape and is placed inside the waveguide section. The 
intensity of the electric field close to the diaphragm is greater than 
in the adjacent waveguide, which facilitates the firing of the discharger 
gap. Since the resonance response of the diaphragm is highly selective, 
the size of discharger gap varies for different wave lengths. For this | 
a reason four types of discharger are used; RR-20 for the APS-1-V, RR-2. 
| for the APS-l1V and APS~-1-G, RR-3 for the APS-1-D and RR-4 for the APS-1-Zh * 
and APS-1-Ye. | 


Equivalent Circuit of the ‘Antenna Switch (p 56) 


At low power in the waveguide, the voltage across the gap of 
discharger RR-7 is low, therefore the gap is not fired and its cavity. 
circuit is equivalent to a tuned circuit with relatively high Q-factor. 
When energy from the magnetron travels along the waveguide, the voltage 
at the spark-gap of the discharger rises, the spark gap is broken and 
the cavity circuit of the resonator becomes equivalent to a highly 
detuned circuit. Since the Q-factor of the circuit is high, the equi- 
valent impedance of the broken and unbroken spark gap differ from each 

_ Other considerably. The latter property makes the discharger capable of 
switching on for either receiption or transmission. ' 


On the equivalent diagram of the antenna switch (Figure 31) the 
waveguide is replaced by a two-wire line. The branch from the narrow 
wall of the waveguide is shown as a section of the line connected in. 
parallel to the main line. The branch from the wide wall of the wave- 
guide is shown as a section of line connected to the main line. Such 

co a substitution is permissible only under the assumption that oscillations 
he of only one type exist in the waveguide. In the waveguide the energy 
I | propagates in the wave mode Ho). "og | 
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Fig 31. Equivalent Circuit of the Antenna Switch (p 57) 
1. equivalent circuit of the ATR-switch a: 


2. TReswitch 
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: 
The ATR gap, represented in the form of ivetent circuit 1, is i @ 
connect in paralle] with the line. i 
L 











| The/discharger TR-2 is inserted into the line and is shown as two (p 58) 
spark gaps spaced at a distance of 1/h ). 


Operation of the Circuit During Reception: The ATR switch is coupled 
to the waveguide through a slot in the narrow wall. The ATR switch is - 
positioned so that it corresponds to a resonance cavity equivalent to 
a two-wire line through a quarter-wave branch. 


ow e® 


At points a-a the input impedance is very high when the gap is not 
broken. 


eg Te ere ee ee 
. - aww 
* ‘ > 
“ on r a. .# - 





This impedance is converted through the quarter-wave branch-into a. 
very low impedance. Therefore, the closed ATR. switch shorts the i 
two-wire line. Since the ATR switch is located at a distance of 1/2X 
from the TR switch, the high-frequency energy from the antenna is not 
admitted to the magnetron (the input impedance of the half-wave line, | 
shorted at the end, is equal to 0). | 


| 


rE LE EL EE” SpE ee 
a . ow as ~ 
ree toe 


The TR-switch is coupled to the waveguide through,an opening in 
the wide wall. The coupling is selected in such a manner that the input 
impedance of the TR-switch is matched to the waveguide, so that the 
energy of the reflected signals enters the receiver channel without 
loss. 


Operation of the Circuit During Transmission: During the transmitting 


period the spark: gaps of the ATR and TR switches are broken. The ATR-~ 
switch circuit becomes detuned, its input impedance becomes very small, (p 59) 
and through the quarter-wave loop it is converted into a very large 
impedance in parallel with the main line. Therefore, the high-frequency : 
_ energy is freely transferred from the magnetron to the antenna without 
any reflection from the ATR-switch. 


PF OE NE rm TRS ERE OE ETERS RI antes + 
is - | Sa 
. . Bs 
Z . a Soe . 


At high voltage in the main channel, the gas inside discharger 2 
(TR-switch) becomes ionized and an electrodeless breakdown occurs at the 
imput window of the discharger. 


a0 ee oe 


Directional Coupler 


{ 
The directional coupler serves as a connecting element during any 
changes of wavelength and magnetron spectrum, as well as any changes in 


receiver power and sensitivity. 
o 
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. The diregtional coupler consists of a short section of waveguide 
| coupled throlgh a special opening with the wide wall of the main wave- 
guide. It issmounted at a certain angle to the wide Wall of the wave- 
guide, ahd is‘terminated at one end in an absorber and at the other end 
in a matched output for a standard 50-ohm connector. ‘The absorber forms 
& traveling wave inside the directional coupler. | 





In the antenna switches type APS-Zh and APS-Ye, the directional 
coupler is mounted perpendicular to wide wall of the waveguide. 


/ Flexible Coupling 
The station has provisions for changing the angle of inclination of 
each of the reflectors in the antenna array. ; 


Since the waveguide is rigidly fixed-on both ends, there should be (p 60) 
- Some means of changing the angle of inclination of one part of the wave- | 
guide with respect to the other. | 


ye For this purpose the waveguide channel is provided with a flexible 


“coupling AGA-1 (Figure 32). It consists of a corrugated waveguide 


section. 


The size and spacing of the corrugations are selected in such a 
manner that they will not affect the performance of the high-frequency 
channel. | : 7 . 

To provide mechanical strength and to restrict the corrugations 
from excessive stretching, the flexible coupling has a hinged joint. 


The position of the flexible coupling is selected in such a manner 
that the axis of rotation of the movable “flange (located closer to the ° 
antenna) coincides with the axis of rotation of the reflector .—— EEE 


Waveguide Line 


The standard waveguide sections type RZL-72 x 34, in the form of 
rectangular copper tube with inner cross section of 72 x 34 mm, are used 
for the transmission of high-frequency energy. 


Under normal atmospheric conditions, .the waveguide is capable of 
| conducting about 2 megawatts of power without breakdown. The efficiency 
Es 3 of power transmission in the waveguide is about 95 percent. 


@ 
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Fig 32. Flexible Coupling SGS-1 (p 61) 





1. rubber casing 
2. corrugated waveguide 
3. corner 







Fig 33. 
choke flange 
(p 64) 
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The internal walls of the weuseunde are eonved with a special lacquer 
to prevent corrosion. i 

Since it is inconvenient to transport Long gavel isa, they are made” i (2) 
in individual sections which are connected during the assembly of the 


radar station. 


In order to prevent excessive power loss through imperfect contact 


at the junction of the individual sections, the section ends are provided 
_ with special choke flanges. (Figure 33). 


F 
In the choke flange is cut an annular groove Ly deep. The 
distance from the groove to the wide wall of the waveguide is also Ly A, 
Part of the flange within the groove and waveguide is somewhat depressed 
with respect to the peripheral part. Therefore, at the junction with a 
plane flange, the two parts form, together with the annular groove, a 


- tavity equivalent to the waveguide line terminated at one end, thus the 


region of direct contact falls in those parts of the line which have the 
lowest currents (current nodes). Therefore, imperfection of the junction 
does not create excessive power loss. 

Imperfection of the flanges often leads to sparking. This phenomenon 
can be eliminated by placing metal inserts into the flange groove near 
the narrow wall of the waveguide. : 

This eliminates the possibility of the formation of fields which (p 63). 
might lead eventually to sparking at the flanges. 


At the choke-flange junctions the uniformity changes but slightly , 
and therefore does not produce any appreciable reflection. 


f 


The choke-flange cavity is filled with foam plastic in order to prevent « 
moisture accumulation. For drainage of moisture from the vavesecee 
holes are made in the lowest pers of the i a channel. : 
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'. CHAPTER FOUR a ~ (p 65) 
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a QHE TRANSMITTING EQUIPMENT = 


| The radar transmitting equipment is intended for generating short-~ 
‘duration, centimeter-range electromagnetic pulses which are radiated into 
space from the radar antenna : 


‘ The radar equipment includes six centimeter-wave transmitters PS 
each for a different frequency band, and a ground interrogator NRZ-l. 


Ae ge rR tae ne ented tatatialineenmnceeinelin? =e — —ye 
. a4 
- 


A schematic ehonae the interaction of the transmitter with other 
units of the radar is given as Figure 34. | 


The transmitters 7 - 12 are sabecconnectea with the following units: 


= An OE ARC RRE -NR IRE S AE + 
2 -: : . 


+ 


- antenna switchesl - 6 

- receiving equipment 

- triggering unit BZ (16) 

- control cabinet ShU (14) and remote control panel PDU-1 (18) — 

- electric station (20) and high-frequency wit VPL-30 (19) 
through the distributing box RK (15). 


TUN “ere SRE yer: em 
. ° ” 


Sep at ree 


a 


The transmitters are triggered by pulses generated in the BZ unit. 
From vehicle No 2 the trigger-pulse voltage is admitted to vehicle No 1 
to the control cabinet ShU-1 (14) and then to the transmitters PS (7-12). 


eS 
5 ™ 


The trigger-pulse circuit terminates in the unit PS No 4 (11), _ (p 67) 
therefore the circuit of this transmitter is provided with an equivalent 
load for the cable which conducts the indicated pulses. The trigger 
pulse is fed from unit BZ to NRZ-1. << 


If vehicle No 1 is not connected to vehicle No 2, or the unit BZ 
in vehicle No 2 is disconnected, then the transmitters can be triggered 
by the emergency triggering unit located in control cabinet ShU-1. 


All the centimeter-wave transmitters are connected to the unit 
ShU-1 through the control, testing and protection circuits. All local 
controls of these transmitters are on the front panel of the unit ShU-1 
and on transmitter control panels. 


=f 
TR 5 Ete gr Serene mE Sore La ERAN ere, Ree Se eet te Nag + 
. oy he 
. 


Remote control of the transmitters is carried out from the remote- 
control panel PDU-1 (18) located in the cabinet mS (8) on vehicle 
No 2. | 


| The 3-phase, 220-v, 50-cps and the 3-phase, 200-v, 400-cps power 90X1-HUM 
supply to the transmitters are. fed to the terminal biock of the trans- 
miters fromthe distributing box RK. 
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| ALL the connections of the transmitters with other units of vehicle (p 68) 
No 1 are made with type RPShE and PK-49 cable. | | 


Centimeter-Wave Transmitter (PS). 


1. General Information ‘on the Transmitter. 





Fach of the transmitters has the following characteristics: 


Pulse power fed to the Load....csscccsceseces 850-900 kw. 
Wave length of the generated oscillations.... fixed : 
High-frequency pulse duratlon..ccossscsccenes about 2.7 

| : microsec. 
Power consumption from the 50-cps power 
MOLVOUIGiia i cag bd babs ew eee sauee sasedous sends apous 400 Ve 
Power consumption from the 400-cps power : 
DECWOLK sccceccccccccccsccccceicscsccccsvesves BOUE 3 KVes 








Each transmitter incorporates a magnetron type MI-29 
operating at a specific frequency subband. 


Functional Diagram of the Transmitter 


The functional diagram of the transmitter is shown in Figure 35. 
The transmitter consists of the following units: | | 


High-voltage rectifier 1 which generates 7-8 kv de voltage of posi-. 
tive polarity. : : _ 2 


The rectifier draws power from a 3-phase, 200-v, hOO-cps network. 


Charging Choke 2. The use of an inductive charge-storage circuit (p 70) 
in the transmitters permits to obtain approximately a doubled voltage “ 
of the power source (high-voltage rectifier). 

Energy Storing Device - Artificial Long Line 3, serves to shape 
the voltage modulating pulses in an approximately trapezoidal form. 

A pulsed thyratron acts as switching element 7. At the instant the 
trigger pulse is admitted to the thyratron grid, it discharges the long 
-‘Trigger-pulse amplifier 6 generates pulses which are admitted to 

the control grid of the thyratron in order to fire it. : 

Pulse transformer 4 matches the dc-current resistance of the 


magnetion with the characteristic impedance of the long artificial 
line, and increases the voltage of the modulating pulses. 


| 50X1-HUM 

Magnetron oscillator 5 consists of a pulse magnetron and a system 

of permanent magnets. The magnetron acts as a source of high-frequency 
oscillations which are radiated into space. 7 


ote 


: 
- @ 
+ 


| 
artificial line through the load. | : 
} 
! 
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‘Fig 35. Functional Diagram of the Transmitter PS (p 69) 


1. high-voltage rectifier 
2. charging choke 

3. artificial long line 

4. pulse transformer 

5. magnetron 

6. trigger pulse amplifier 
7. switching element 

8.' protection-diode 

9. compensating circuit 
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The compensating circuit smoothes leading edge peaks formed at the a 
beginning of the magnetron oscillations. . : 





| df. 
| | Protective diode 8 (circuit) protects the transmitter components (p 71) 
from overvoltage during recharging of the artificial long line due to 
sparking or breakdowns in the magnetron. 


2. - Schematic Diagram of the Transmitter 
The schematic diagram of the transmitter is shown in Figure 36. 


The power supply to the transmitter is drawn from a 3-phase, 220-v, 
\0-cps power network of the radar station and from the higher-frequency 
power pack VPL~30 which generates 3-phase, 200-v, 400-cps power. 


The 50-cps voltage is switched on by automatic device P3 (AD-3 x 5) 
whith provides thermal and overload protection. This voltage is applied 
to the primary windings ofthe ancde-filament transformer Tr 2, to the 
windings of the protective-diode filament transformer Tr 5,:and to the. 
windings of motor ML which drives the magnetron and TWI cooling blower. _. 





The 400-cps voltage is used in the transmitter circuit to obtain 
the desired magnetron anode-voltage and is switched on by automatic 
device RL (AD - 3x 5). 


The automatic device RL is switched on 5-6 min after automatic 
device R3 has been switched on. 





The delay is necessary for heating the cathodes of the écananictes: | . ( p 73). 
tubes before switching on the plate voltage. The automatic device RL,.° .. 
is switched on by the motor-operated time relay in unit ShU-1. 


The 400-cps voltage is admitted through fuses Pr 3, Pr 5, Pr 4 to 
. the 3-phase autotransformer Tr 4 with contact plates P 6 and then to 
the primary winding of the anode transformer Tr 3 of the high-voltage 
rectifier. The autotransformer controls the voltage within the 10% 
limits of the value supplied to transformer Tr 3. 


Such a regulation makes it possible to set up in each transmitter 
the required value of the dc component of the magnetron anode current © 
when all of the eters are supplied from a common 400-cps voltage 
source ‘ 


_/7~ 


The high-voltage rectifier operates on the principle of a 6-phase . 
circuit. Selenium diodes serve as the rectifying» units. Capacitor C- 
14 serves to smoothen the rectified current. OR te 


tT 
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After switching on the automatic device R1, a reduced voltage of 
the order of 150-160 v is applied to the primary winding of transformer 
fr 33. this ee is then raised with the aid of . a rheostat in unit 


tr _ ie 
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ShU-1 (or TsDU-1) until a rated value of the anode current of the magne- 3.5 
tron is reached. Sudden application of full voltage to the magnetron a 
a ‘ 








anode may lead to a breakdown in the magnetron, thus rendering it use- 
less. " 


To understand better the operation of the charging circuit let us (p 7h) 1% 
examine the diagram shown on Figure 37. 7 ? 


The diagram represents merely a Simplified schematic of the modu- 
lator charging circuit of the transmitter. 


ee eer a 


ee ee ee 


in this circuit,capacitor C discharges fully in an interval T 
through load R when the key K is closed for a short time. 


During interval fT there occurs a slow (as compared to the discharge 
(period) process of charging of the capacitor from the de-voltage source 
E through choke L. ? 


in the actual circuit a thyratron performs the function of key K. 


Since the closing of the key and discharge of the capacitor occur 
during a period considerably shorter than the period needed to charge 
it, it can be assumed that the current flowing in the choke does not 
change during this period, i.e., each charging cycle beginsunder identi- 
cal initial conditions (voltage across the capacitor is Ug. = 0, current 
in the choke is iz = QO.) | 





“Fay 
* wiyte 


In a specific case, when all the energy is stored in the capacitor 
(a the —— of discharge, current in the choke is equal to zero 
13 = QO). 


This case corresponds to the so-called resonance charge. .The case 
_ Of resonance charge is utilized in the actual modulator circuit of the 7 
transmitter, because under these conditions the efficiency of circuit 
charging’ is improved, and loading of the thyratron withthe charge- 
circuit current is avoided. 7 


The transient processes occuring in the charging circuit are (p 76) 
shown on the Figure 37 a; a maximum voltage, twice that of the power 
source E, is obtained across the capacitor Un max When charged through 
choke L. When the principle of resonance charging of the capacitor 
is used, the natural frequency of the charging circuit should be one 
half the commtation frequency. 


, 
- aot STIR emer Ee TIEN oo i <8 ga lh RR ERED HEED AR LO Tage. Same 
RT art KER eae Tm I NE AF TE TO oR EET at et a = 4 c sa . o , 2 
” : : : : ; Dee ‘ : i sf k te : : : 
. ' a a 2 a i ss 
. ‘ : og Se bd ope niatee Je =% : 


in the previous discussions we did not take into consideration 
the attenuation in the charging circuit caused by “the resistance of — 
the charging choke. Since this resistance is relatively low, the - : 
nature of the charging process is but slightly effected; however » the 90X1-HUM 
voltage across the capacitor at the end of charging cycle will not 
reach 2E, but will be only 1.85 to 1.95 of E. 
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_. Fig, 37, Simplified Diagram of the Manipulator Charging Circuit 
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Graphs for changes of voltage across the capacitor YU, and current 
in the charging circuit i3 are shown on Figure 37, b andic. 


‘* 6 





The dotted line indicates the voltage changes across the capacitor 
when periodic discharges of this capacitor are absent (under actual Pe 
oe this corresponds to discontinuation of transmitter trigger~ fae 
ing. . ’ Ma, 


Due to the effect of the choke impedance, voltage oscillations 
across the capacitor decay, and a voltage » equal to that of the source, 
is established across the capacitor. 


The rectifier output voltage is of positive polarity and is equal (p 77) 
to 7-8 kv. This voltage is admitted through the charging choke Dr 1. ; 
to the input of artificial long line U1. As a result of the transient 

process, the line capacitors of the charging artificial line will be 

charged to a voltage of 14-15 kv, i. e., to a voltage almost double 

that of the rectifier. . 


The artifical long line consists of eight T-shaped inductive-~ a 4 
capacitive sections placed in an oli-filled tank. The characteristic mye 
impedance of the line is 25 ohms. The line discharges through the pri- 

mary winding of impulse transformer Tr 6. The hydrogen-filled pulse 

thyratron Vz, type TGI 1-400/16,serves as the switching element of the 
circuit. 


The thyratron fires at the instances when the voltage across the 
capacitors of the artificial long line is at its maximm. --This condi- 
tion is fulfilled in the transmitter circuit by the fact that the 
natural frequency of the charging circuit is selected in accordance 7 
with the repetition rate of the trigger pulses. 


The thyratron is fired at the instant of arrival on its control 
erid of the triggering pulses generated in the trigger-pulse amplifier _ 
circuit which incorporates tubes V, (6N8S) and Vo (6P8S). The amplifier 
is triggered by pulses admitted from triggering unit B3. 





Prior to the arrival of the trigger pulse both halves of the tube | 
Vz are blocked by negative bias supplied to the control grid from -(p 78) 
resistors-R*2 and R15 of the voltage dividers R 2, R14, R15, andR i. 
16. | | | | | 


The triggering pulse admitted to the grid of the left half of the 
tube makes both halves of the tube conduct in proper sequence. The 
current passing through the tube forms a positive pulse in the second- 
ary winding of the blocking transformer Tr 1. 50X1-HUM. 


‘, 


This pulse is admitted to the control.grid of the tube Vo which 
functions as a cathode follower. The pulse formed at the resistors R 4 
and R 5, with an amplitude of the order of 200 v, is fed through a filter 


- 52. | s 


— 
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@ ' consisting of capacitors C6, C 7, C 8, C9 and choke L 1 to the thyra- eae pon 
' - tron arid. This filter protects the amplifier low-voltage circuits from 
the effect of-short-duration voltage surges with amplitudes of several 
kilovolts aceon in the thyratron ered circuit at the instant of 
oe fir 





The amplifier-tube power is drawn from a rectifier D 1 assembled 
with selenium piles type AVS-18-306 or AVS-16-306 on the principle of 
a full-wave bridge rectifier. The plate voltage of the amplifier tubes 
is equal to 300 v.. 


The discharge period ofthe artificial long line is 2.8-3.2 microsec. 
Choke L, is connected to the anodecircuit of the thyratron and limits ty ; 
the inifial current surge through the thyratron caused by the discharge + “(p 79) | 
. of parasitic capacitances of the circuit; such a surge is harmful to a - 
“the thyratron. 
A negative voltage pulse with an amplitude, of 7-8 kv is formed 
across the pyri winding of ..the pulse transformer during - 
_ the, discharge of the line. | The transformation coefficient of | 
the pulse transformer is 1: 4.25. Therefore negative-polarity voltage. . 
~ pulses with an amplitude of the order of 26 - 30 kv are formed on the °*” 
' " gecondary. , 


These pulses are fed to the magnetron cathode. 


A pulse magnetron V5 type MI-c9, of one . of the subbands B, 9°V, G, 
D, Zh, is in operation at the transmitter depending on the frequency 
used. . 


The filament .voltage is supplied to the magnetron cathode from 

- anode-heater transformer Tro through two parallel secondary windings 
of a pulse transformer. -With this type of filament supply, the necessity 
of using a filament transformer with HICH“ VOLECES: insulation is elim- 
inated. 


The lamp LN2 with a resistor R 11 sconsvted in parallel signals 
ve condition of the. filament circuit. 


; Capacitor C 19 balances the potential of the high-voltage ter- 

minals of the pulse-transformer secondary windings. The anode ac 

current component of the magnetron is shorted to the arate through ae 
blocking capacitors C18 and ¢ 20. | po 


| The air-discharge gap RI 1 fires at. substantial inenenae: of volt- 
/ age across the secondary windings, thus BrOneevene. the pulse trans~ 
former and magnetron from overvoltage ‘ 
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The de-component of the magnetron anode current is admitted through (p 80) 
filter L 3, C 16 to the measuring milliammeter IP 1. Filter L 3 , Dr 2,. | | 
C 16, C 17,prevents mutual interferences from the radar transmitters. 
Resistor H 10 forms a bypass for the de-component when the transmitter 
is disconnected from the remote-control circuit TsDU-l. | 


A compensating circuit consists of resistor R 9 and capacitor C15, ° : 
and is connected in parallel with the primary winding of the pulse.trans- 
former. Resistor R 9 (24 ohm) is approximately equal tothe wave imped- | 
ance of the artificial long line (25 ohm), and the capacitance of C 15 
is equal to 0.01 microfarad. : ' a 


At the start of the line discharge, when the voltage at the magne- _ $i 
tron is low and it does not oscillate, the resistance of the line tO, 27 4 
de-current is relatively high. Therefore, during this period (about : 
0.2 microsec) the line is charging through a resistance which is con- 
_ Siderably greater than the wave impedance. _, | 


| On the leading edge of the modulating pulse may originate peaks oie « 
. which would upset the normal performance of the magnetron. In the pre- 
' sence of the compensating circuit, the line becomes loaded at the inti-« ne 
tial instance of discharge with a resistance equal to that of the wave 
impedance, whereas, after a certain time,when the capacitor becomes 

fully charged, the circuit loses its effect’ on the process of dis- 

charge. The time constant of the compensating circuit is selected to 

be approximately equal to the leading-edge duration of the modulating 

pulse. . | " . 


Sparking and breakdowns sometimes occur in the magnetron during ‘ (p 81) 
its operation. The load of the artificial long line is shorted during ok se 
the breakdown of the magnetron, because under those conditions the “ 

magnetron offers but very low resistance. Now the line recharges,and | . 

& reverse-polarity voltage is impressed on it. During a few cycles ie 

of such a recharge, the voltage in the line may reach such a value as 

to become dangerous to the electric insulation of. the charging choke 

and the thyratron. For the protection of the transmitter circuit 

elements from a breakdown, a protective diode circuit is provide con- 

sisting of kenotron V 4 type V1-0.1/30, resistors R 7 and R 8, and 

capacitors C 10 and C ll. : | 7 





_ The time constant for the circuit resistance and for the artifi-- ie 
cial long-line capacitance is such, that the charging of the line 2 a ie 
through the circuit takes place considerably faster that the charg- oe 
ing of the line from the power source. 7 


. The excitation winding of the protection relay R 2 type RKMP-1 


is connected in series with the circuit resistors. 50X1-HUM 


1 
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| a During frequent ‘sparking and breakdowns in the magnetron, current 

' in the protective diode circuit rises to a value sufficient to operate 
relay R 2. Closing of the contacts of this relay disconnects the 

- automatic/device R 1 and removes the supply voltage anon the transmitter | 
circuit ; ia 





The dc-component of the recifier current passes also through the (p 82) 
relay R 2 winding. In case of sparking in the thyratron or breakdowns . S. s 
in the charging circuit of the artificial long line, the rectifier 

current rises sharply and actuates the protective relay. 


| Capacitors C 10: fend C Ll form a path tothe frame for the ac-current 
component flowing in the protective diode circuit; this current creates - 
- @ certain hindrance to the mere operation. 





A centrifugal aisconnector R 4 type TsR-1 protects the blower 
motor. If the speed of rotation drops or the motor stops completely, 
the disconnector operates and switches off the automatic devices R 1 
and R 3. | 


The transmitter cabinet is provided witha safety door. When the 
cabinet door is opened during the operation of the transmitter, the 
.contactors of the door safety devices KPl and KP 2 open. As a 
result, the automatic device R1 is disconnected,and high-voltage is 
removed from the transmitter circuit. The lamp LN 1 indicates the 
presence of the 400-cps voltage. : | 


To remove the residual electric charge from the charging-circuit 
'  gomponents of the transmitter,a protective dischargeris provided, 
_ which is mounted on the high-voltage rectifier unit. When the cabinet 
door is opened, the movable contact of the discharger connects the | | 
“high-voltage outlet of this rectifier to the frame. . 


Switch Va disconnects the transmitter while the rest of the vehicle | (p 83). 
No 1 eauipment continues to operate. Receptacle’.G 5, with e20-v supply, . : 
is provided for the neaourTene instruments, portable lamps, a 
equipment , etc. 


The transmitter performance is monitored with the aid of millian-~ 
meter IP 1 which measures the ai aa of the magnetron anode cur- 
rent and of the oscillograph. 


‘Control receptacles Gil, G 2, G 3 ‘and G h are provided for con- 
Se ' nection to the ‘oscillograph. 


To the receptacle G 4 is supplied part of the charging voltage 
of the artificial long line taken from capcitor C 18. of the car50X1-HUM 
' yoltage divider (C12, C 13). The receptacles G1, G 2, and G 3 serve, 
. respectively, for the control of the trigger pulses at the amplifier — 
@ _ input, the blocking-oscillator pulses and the thyratron grid pulses. 
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3- Main Components of the Transmitter High-Voltage sectee oo oe @ 


A cehanatie diagram of the high-voltage rectifier (ws) is shaw 
in Figure - 4 


| The sais » 400-cps voltage is fed from the en See generat~ 
ing unit VPL=30 to 3-phase transformer Tr 3. 


The stepped-up voltage from this trans? ‘ormer is admitted to a 
selenium rectifier assembled on the principle of a 6-phase circuit. ee 
To each phase of the secondary winding of the 3-phase transformer are ~ (p 84) °° Phe 
comected two arms of. / Selenium piles having conduction in opposite £4 oT 
ST SCUAOne 


. fe TE ie: A Ne are 


Each rectifier arm consists of ten selenium piles type AVS-25~309.- 


The negative poles of the three arms with foreward conduction are | 
connected together and form the positive pdle of the rectifier. The ‘Pos= 
itive. poles of the other arms with reverse conduction are also con- 
nected to each other and form the negative pole of the rectifier. 





The positive-polarity rectified voltege is fed to a filter con- ere 3 poe 
sisting of capacitor C 14 with capacitance of 0.25 microfarads. After ee 
the filter this voltage is admitted through a charging choke Dr 1 to | a 
the transmitter circuit. 


The filament transformer Tr 5 is fed froma 220-v, 50-cps power 
circuit. The 5-v secondary voltage of this transformer is fed through 
the high-voltage bushing I-5, having two insulated outlets, to the : 

 Pilament of the protective diode located in the transmitter . 


All components of the: high-voltage rectifier (plate transformer, ’ - 
filament transformer, selenium rectifier, charging choke) are placed | ‘ 
in a common oil-filled tank. 


The selenium rectifier is mounted on a textolite plate which is 
fastened to the cover by stubs. 


The plate also serves as an insulator between the selenium fp 86). f 
rectifier and the transformers. . a 


On the top of the cover are the expansion cup, moisture absorber ; 
capacitor, protective discharger, two high-voltage and six low-voltage _ 
insulators. The expansion cup has a hole covered with a plug, which 
is used to measure the oil level. 


During operation the moisture absorber is sercqede ‘into a hole 
on the side wall of the expansion cup. During transportation this hole50X’ -HUM | 
is closed with a plug and the moisture absorber is screwed into a: 
blind hole on the tank cover. 
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co LS 


(p 85) 


Schematic Diagram of the High-Voltage Rectifier 


Fig 38. 


90X1-HUM 
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Fig 39. High-Voltage Rectifier 


( p 87 ) 


1. high-voltage insulators 
| 2. low-voltage insulators 
: 3. filter capacitor 
| 4. expansion cup 
| 5. moisture absorber 
50X1-HUM 
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@ aa , A general view of the high-voltage rectifier is shown in Figure 39. 


_ The fundamental specifications of the rectifier are: 


. / rectified voltage is +7 kv at 300-ma ‘load: 7 
~- filament voltage is 5 v at a 5+a load; : 

- rectified voltage ripple at the output does not exceed 1.54%; 
- inductance of the charging choke is 18 henries with bias | 
current 0.3 a; : | | 
~ the unit is 500 mm long, 260 mm wide and 440 mm high with fe 

the bushings. : | | : oo an 


- 


Artificial Long line 


The artifical long line forms almost trapezoidal modulating pulses. 
An artifical long line of type D is used in the circuit of transmitter 


| / - The line has the following specifications: . ay: : os Le (p 88) 


. - amplitude of the charging voltage is 16 kv; eae 
| ~ wave impedance is 25 ohms; ee 
_« inductance of a single section is 3.75 micro-henry; a | 
- capacitance of each section is 6,000 micromicrofarad; 
- number of sections is 8; 
| ~ voltage-pulse duration formed by the line with 25-ohm load 
oS is 2.8 to 3.2 microsec; | 
- total capacitance is 0.048 microfarad. 


The schematic diagram of the artificial long line is shown in 
Figure 40. The line unitin assembled form is shown is Figure 41. 
All other components are mounted on the inside of the cover. The , a 
coils are wound on textolite forms. The winding is of single-layer 
type using bare silvered wires. Individual sections of the induction 
coil are placed at such a distance from each other as to ensure a minie« 
mum of mutual inductance, which effects the shape of the modulating 
pulse. The section capacitors have mica insulation and are joined 


into individual packages. : = 4 4 


On the outer side of cover are mounted: insulators, air-gap dis- 
chargers, over-voltage protection elements of the line, oil-level 
indicator and carrying handles. . : | a | ce 4 
j The dimensions of the line unit are: length is 260 mm, width is 
| 280 mm, the total height with the insulators is 260mm and it weighs 
56 kg with oil. = : , | 
— 50X1-HUM 
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Fig 41. Artificial Long Line, Type D 
1. tank 
2. covers 
3. high-voltage insulators 
4. air-gap discharger 
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© 8eae + Thyratron Unit | 
The thyratron unit consists of the following components: 


af trigger pulse amplifier with its rectifier; 
~ switching element (pulsed thyratron); and 
~ anoderheater transformer. 


The schematic diagram of the thyratron unit is shown in Figure 42. 


Trigger Pulse Amplifier 


“The trigger pulse amplifier consists of a two-stage circuit which 
generates the thyratron firing pulses. The amplifier is triggered by 
pulses admitted from trigger unit BS. 


Prior tothe arrival of the trigger pulse, both halves of tube V 1 
_ are cut. off by the negative bias supplied to the control grids of the 
tube from resistors R 2 and R15 of voltage dividers R 2, R14, and R 
15, R16. The triggering pulse admitted to the erid of the left half uae 
Yi of tube V 1 causes both halves of the tube to conduct in sequence. The - 
current flowing through tube V 1 forms on the ‘secondary winding of 
blocking-transformer Tr 1 a pulse of positive polarity. | 


| The positive pulse from the blocking-ogcillator is admitted to 
the control grid of tube V 2 (6N3S) of the output amplifier assembled 
on the principle of a cathode follower. 5 


The cathode follower acts as a power amplifier. The plate current,’ 
_ originating in tube V 2 when it is opened by the blocking-oscillator 

pulse, is much greater than the grid current » therefore the pulse formed 
on the cathode load of the tube is considerably amplified in power. The 
amplitude of this signal is somewhat smaller that the amplitude of the (p 93) 
blocking-oscillator pulse which causes the tube to conduct » because the © | 
amplification factor of the cathode follower is less than unity. The 
amplitude of the pulse voltage at the output of the cathode follower ig 
about 200 v. : 


| Rectifier D 1 with selenium piles type AVS-18-306, assembled on 

the principle of a full-wave bridge circuit » Supplies power to the : 
plate circuits of the amplifier tubes. Voltage to the selenium piles ~~” 

is supplied from the step-up winding of anode-heater transformer Tr 2. 

The two heater windings of this transformer supply power to the magne~ ~ 

tron heater and to the thyratron. : 


. The 4-microfarad capacitor C 4 filters the rectified current. 
‘The output voltage of the rectifier is +300 v. | 90X41-HUM 


The anode-heater transformer has four windings. [one primary, three 
@ _ secondary] and is of a semi-closed type. oe 


sa Bt ae 


Pa 
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| 50X1-HUM 
The primary winding is connected to the power network. 


The second winding (outlets 12, 13) supplies voltage to the selenium © 
rectifier 


The third winding ee 14, 15) siidetes power to the thaeabeon 
heater. In order to maintain the thyratron heater voltage within per- 
missible limits during power-line voltage fluctuation » the transformer 
primary winding is provided with taps. 


The fourth winding (outlets 9, 10, 11) supplies power to the magne~ (p 94) 
tron heater. | 


| Swit ching Element 


Hydrogen-filled pulse thyratron V 3 (@GI-400-16) serves as the 
switching element in the modulator circuit of the transmitter. | 


The thyratron has the following fundamental parameters: 


- heater voltage .. 2... 6.6... 5-55. + 6.3V 4 St 

~ heater current... 1.6.6 0 eee 0 6 6 95 toll6a 
- maximum forward anode voltage ......l16kv 

~ maximum reverse anode voltage. .'. . .... 16 kv 

~ maximum anode current in pulse ......- 00a 


~ maximum mean value of anode current. . . . 500 milliamp 
- maximum pulse repetition rate ..... -« 500 cps 
' « time spread of the leading edge of 
anode current ........se.+.s.. . not greatex than 
0.04 microsec 
- cathode heating time ............ 6min 


Grid Firing Pulse: 


= amplitude a a I not ‘Less than 200 V 
~ duration . . 2. 2. 6 « «© «© « © © - nob lessthan 2.5 microsec 
~ service Life. e 2 e ® @ * s e ° e e e e 200 hours 


The firing process of the thyratron proceeds in the following (p 95) 


manner. Positive polarity pulses with an amplitude of about 200 v and 
a front edge rise rate of 400-500 v/microsee are admitted to the con- 
trol grid of the thyratron from the trigger-pulse amplifier. The 
triggering pulse breaks the grid-cathode gap in the thyratron. Thus 
the grid acquires a potential. close to that of the cathode » Which, in 
turn, causes a breakdown of the anode-grid gap. Now the charging cur- 
rent of the artificiallong line begins to flow through the thyratron, 


while its anode voltage falls to @ value determined ie the internal S0XA1-HUM | 


res istance of the thyratron. 


~ 62- 
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© _  - - During the instant of breakdown of the thyratron sedceea oe 
the grid acquires for a few hundredths of a microsecond a potential close 
to that of the anode, i.e., of the order of several kilovolts. This may 
be accompanied by a sudden surge of grid current » which would result in 
consideral/Le overvoltage in the grid circuit of the thyratron. To pro= 
tect the output circuits of the trigger-pulse amplifier from the effect 
of the thyratron grid-current surges, a filter consisting of choke L 1 
and capacitors C 6, C 7, C 8 and C 9 is connected to the grid circuit. 
THe:choke has two sections, each having an inductance of 32 microhenries. 
The capacitance of each capacitor is 1 »000 micromicrofarad. 


After the thyratron is fired, a discharge of parasitic capacitances (p 96) 
of the modulator circuit takes place, which is followed by the discharge | | 
of the artificial long line. The discharge of the parasitic capacitances 
is a very rapid process and is accompanied by a rapid rise of current 

in the thyratron. Any very rapid rise of current is dangerous to the 
thyratron, and for this reason a 7-microhenry choke L 2 is connected to 
the thyratron anode circuit which limits the current rise. This choke 
coil is wound on a ceramic form. : 


Construction of the Thyratron Unit. 


The thyratron unit consists of a dismountable frame on which are 
mounted the components of the trigger-pulse amplifier, thyratron and 
anode-heater transformer. 


A general view of the thyratron unit is showm in Figure 43. 


In the right part of the frame are tubes 6N8S. and 6P8S of the 
trigger-pulse amplifier and blocking transformer. | 


in the left front part of the frame, on a special panel mounted | 
ona rack is thyratron IGI-100/16. The special panel is designed to - 
permit a free access of cooling airtothe thyratron base. Behind the 
thyratron is its anode choke. 


' In the back part of the frame are mounted the anode-heater trans- | (p 98). 
former and the filter capacitor of the rectifier. | ze . 
| On the inner side of the frame are mounted the components of 
the trigger-pulse amplifier, the rectifier selenium piles and the 
filter elements of the thyratron-grid circuit. 


7 The thyratron unit is connected to the transmitter circuit by | | 
, contact disconnector 20 which is mounted on the inside of the front _ ! 
wall of the frame. On the outside of the same wall are located con- 
trol jacks which are marked: IMP. ZAP. (TRIGGER PULSE), BL, GEN. ny, HUM - 
(BLOCKING OSCILLATOR), SET.TIR. (GRID THYRATRON); these jacks areUX!: ; 
for monitoring the performance of the thyratron unit. On the same : 

wall is mounted a fuse for the trigger-pulse amplifier. 


@ a -- , : LZ9 
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Fig 42. (p92): 
' Schematic ft 
Diagram of the of 
Thyratron Unit sf 
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7 a Thyratron Unit 


1. thyratron 
TGI-1-400/16 
2. 6N8S tube 
3. 6P3S tube 
4. plate choke 
5. plate heater 
transformer 
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An opening with removable cover is provided in the front wall for - 


measuring voltages at the contacts of the connector. 


The dimensions of the unit are: length - 427 m, width - 190 m, 
height - 272 mm, weight - 7 kg. | 


Pulse Transformer 


The pulse transformer matches the load impedance of the transmitter 
manipulator with the characteristic impedance of the artifical Long Line 
and increases the amplitude of the Bre Toe pulses. 


Magnetron MI-29, ‘pith nominal @eatetanee to de-current (internal 
resistance) of the order of 450 ohms and anode voltage of 26+30 Iv, 
serves as the modulator Load. 


the characteristic impedance of the artificial Long line is 25 ohms.. (p 99) 

For the indicated value of the samhg iad pda impedance » the trans~ | 
formation factor of the pulse transformer is 1 : 4.25 when the amplitude .... 
of the modulating pulses is within the ae of 26~30 kv. 

The transformer has one primary and two secondary windings. Two 
secondary windings are essential for the selected system of power seed to 
the magnetron heater of the transmitter. 


A diagram indicating connections of the vittinietitasniietceie i ataas 


. is shown in Figure hh, 


The primary winding consists of two sections wound on both legs 
of the core and connected in parallel. 


One end of the primary winding is connected to the bushing insula= # <* 
tor and the other to the transformer frame : 


Rach of the secondary windings also consists of two sections wound. 


on two ends of the core Legs and connected in series. 


‘The ioneyeltade: ends of the secondary windings leading to the 


magnetron cathode are connected to a bushing insulator with two insulated 


outlets. The low-voltage ends are also connected to bushing ame liators 


to which the magnetron heater voltage is applied. 


tases 4S and 46 show general view of the pulse transformer and . (p 101) 
of the transformer with a tank removed. - ‘ 

All the main etaeeneate of the pulse transformer are. geeeete).ce -HUM 
of its cover. On the outside of the transformer cover are lLocateéu 
insulators, air discharge gap for protection of the magnetron and trans- 


| orneS windings during overvoltages, dryer and blocking capacitors ; 


! : 
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| Winding Connection 
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The Pulse Transformer 


etek ac 


x 
€ 
“eu 





90X1-HUM 


or. 
> > 


VOOOd vy 


Ne 


OOOO 
OOOO C 


eee 


50X1-HUM 








Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 














| 7 s - ete 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











© - | 50X1-HUM 





Fig 46. Pulse Transformer with Tank Removed (p 103) 
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coils of secondary winding 
air~gap discharger 
moisture absorber 

» blocking capacitors 


Me wneh 


90X1-HUM 


@ | S169 








Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











| 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 








@ o &, : : ) | 50X1-HUM - 
The fundamental specifications of the pulse § transformer ‘axes 


~ transformation factor... 4s. ee ee 1 to has | 
dissipation factor . 1. 1. 1 6 6s wee ans oo than 


- Wet CRELCLENCY ow, & oie ae GS Wer ee oes es. Be ie one 
- pulse voltage amplitude on the | 
secondary winding . . 6. 1 1 6 6 6 6 «++ 26430 ky 
~ pulse leading-front duration «..... . .0.2 -O0.4 microsec 
wraverage power + 2 «6 6 6 6 1 we eo oe « AbOOUt 2,000 w 


Dimensions: ! 


- Length e e e ~ ° e s ® e é e * @.wre e a e 322 mm 
- ‘width oe «© 8 © © @ © @ @© @© #@ @ @ °° e@ @ @ 194 mm 
« total height with the insulator... +. '. 442 mm 


weight with oll ......... 


Magnetron Oscillator 


The magnetron oscillator of the transmitter consists of one of the — 
type MI-29 magnetrons (depending on the subbarid used by the station) and 
the magnetic systen.. 


. 4S ke 


The magnetron generates powerful, syere-uretied pulses of electro= (p 104) 
magnetic energy in the centimiter wave-length range and transmits them : 
through the weveguade channel to the station antenna. 


The magnetron. specifications are as follows: 


” pulse power delivered by the geensteen to the waveguide during © 
normal operation is 850-900 kw; > s 
_- efficiency of the magnetron is 50-55% 
-.intensity of the magnetic field in the gap between the poles of 
the permanent magnets is about 2,500 oersteds; 
- shape of the voltage pulses fed to the magnetron anode circuit 
is almost trapezoidal; duration of the pulse leading edge is 
about 0.3 microsec and of the trailing edge about 15 microsec; 
non-uniformity of the pulse peaks as measured between points 
on the level of 0.9 if the amplitude does not exceed 10%; 
- duration of the high-frequency pulse of the magnetron is from 
. 2.5 to 2.8 microsec; the pulse has an almost square shape; dura- 
_ tion of the leading and trailing edges of the pulse is about 
QO.2 microsec; © 
~ the generated frequency band (width of ‘the energy spéctrum) is 
within the limits of 0.6 to 1.2 me.. as soon as the high woltera 
is supplied to the magnetron anode, the magnetron heater 0X1 “HUM 
is removed, and the magnetron cathodenow becomes heated by the | 
{9 x anode current . The cathode operating temperature is set by 
| @ anode currents of about 40 milliamp. | f 


~ 68 -" “ | | af 
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© - Therefore the magnetron current should be set at a value above hO ~ (p 105) 
|  militamp. The magnetrons in the radio range-finder channels are shown 50X1-HUM 
in Table No 1 P ; 


Fable No 1 - 
i ees oe - Magnetrons used.in the Station : 
ee eS “  - -* Channels | 
a ganna | 

| | — | . | ME-29¢ 
| IL _  ° MI-29Zh 
st o MIL~29V 
IV : MI-29Ye 
vo, | MI-29B 
VI | . ' ME-29D 


Magnetron Type | MI-29 


Magnetron MI-29 generates power pulses in the centimeter wave~Length 
range having a power of 850-900 kw at the pulse. A general view of the 
magnetrons MI[-29V, MI-29G, MI-29D, MI-cgYe and MI-29Zh is shown in 

Figure 47. . 


The magnetron specifications are: . 


Heater VOLtAge ceccevecccsesceccccseceseeses 12:0 V 

Heater. current .rccccccceccecssccces Sateen Se0 310 S 

Magnetic field intensity at the center of . | 

the gap formed by permanet magnets......-+++ 2,500 oersteds 

Anode VOLtAGE cs ccccccccceccsccevsesscreeces 20-30 kv | ‘ 

Maximum pulse duration ....sereeeess i alatateet 2.8 microsec (p 106) 
- Ata high-frequency pulse duration of about 2.7 microsec D 
7 : and normal repetition rate: | | 
‘ . - the de-component of anode current is 55-60 milliamp; 
- width of effective frequency spectrum is 0.6 -1.2 Mc. 





fe 
The magnetron MI-29B (Figure 48) differs from the rest of the magne- 
trons of this series in that the inside conductor of the coaxial section 
passes into the vacuum exciter of the rectangular waveguide. The indi- 
cated difference is necessitated by performance peculiarities of the 
magnetron in the given band of the operating frequency range. For this 
j reason the oscillation exciter is absent in the SMS block of the Ml=-29B 


| : 
| magnetron . 
| 





vf 


7 7 


MI-29 magnetrons have provisions for forced cooling of the anode 
unit. , “5 ‘ 


§ © 
‘ . 
| | ° | 
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Magnetic System 


The magnetic system (Figure 9) consists of two L-shaped permanent s 
magnets type MP-1478 mounted on a flat plate made of armeo iron. The + 
magnetron is positioned in the air gap between the poles of the magnets. 
The magnets are cast from a magnico alloy with high coersive force. The pole 

. Surfaces, bases of the magnets and the part of the plate that touches 
the magnets are highly polished. 


awe - ose 
- 


To ensure normal performance of themgnetron, a provision is made 


for the control of the eS field ete ey is6 BY means of a magnetic 
shunt. which can reduce the field intensity b 0-250 oersteds. “Also 


0, 
‘Wi TBs the 2 AOE ots Peat sh possible to - estore. the rated values (p 107) 
The main parameters of the magnetic system are: | 


PE 9 ESE ry gg 
+ - * 
. se, spe 


aa 


- length of the inter-pole air gap .......... 60 mm 
- magnetic field intensity with the 

magnetic shunt in extreme lower ore x 2650 + 50 oersteds 
- range of magnetic field control .c..secvee. 150-250 oersteds. 


2 Snr a 
MRT ST ree : 
. ” _ pte “ te 

xe 2 -2 


Dimensions: 


width ttre e eee e tence eee ewes enc eseeneeenees 400mm 
GEPTH ccccsccsnccreccesesccraveccvcesssesses SPF rim 
NEISOU. uss cieeaw aad ate ea6 sews eee S40. Im 
weight of the assembled system qelodine 

“the magnetic shunt .......ceceececesees 55 kg (about) 


3 os htCUt 
My 


Prote ection Panel 


On the protection panel (Figure 50) are mounted the circuit compo~ 
nents of the protective diode and type REMP 1 relay. « 


For connecting the protective panel elements to the transmitter 
circuit, a terminal block with four contacts is provided on the panel. 


RE ONS EE SET III ty APU WEA RRS I RET un omar A pan ree 
' : . » af y : 


Blower for Cooling the Magnetron ‘and TW 


The fan that cools the magnetron and Tw! is driven by an induction 
motor DI-75. The speed of this motor is 2,800 rpm. ‘The motor draws 
its power from a 3-phase 220-v, 20-cps power Line. 


Thé blower outlet is connected to manifold air duct Through two ofsuch (p 112) 
ramifications the air is directed to the magnetron radiator from the side 
ol the heaterleads, through the third one to the side of the magnetron 


power output, and through the fourth to the opening in the solenoid 
jacket of the TW. — 90X1-HUM 
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Fig 47. Magnetrons (p 109) | 3 
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1. MI-29D 3. MI-29V 5. MI~29Ye 
2. MI-29G 4. MI~29Zh 
ee re een ~ ; 
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Fig 48. Magnetron MI-29B (p 109) 50X1-HUM 
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Fig 50. (p 121) 


Protection Panel 


‘l. type RKMP-1 relay 

(2. resistors in cir- 
cuit of the 
protection diode 

3. blocking 
capacitors 
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Fig 51. Connection of Windings in the (p 113) 


Regulating Autotransformer 
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| (left plate) Warning ! (right plate) Attention ! 
When the tumbler is switched, When replacing a magnetron, 
the button must be pressed regulate the current by 
for 2-3 seconds moving wires 45-1, 46-1 and 


47-1 to the corresponding 
contacts on the same blocks 
P6-I, P6-II, P6-III, with 
the voltage switched off. 
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-~Fig 52. The Control Panel {(p 114) 

1. milliammeter for measuring magnetron current 

2. Signal lamps 

3. PS-Unit toggle switch 

4. button 

5, test jack 

6. fuses 

7. 220-v jacks 
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‘trated in Figure 51. 


. « 
' 
@ | 


- w . : 


| 50X1-HUM 
A centrifugal disconnector, type IsR-1,is mounted on the free end of. a . _ 


| the electric motor shaft. 


The blower is fastened with steel. clamps to an angle iron in the’ 2 
upper part of the cabinet. | | a | 
. Control Autotransformer 


The control autotransformer allows up to 10% variation in the 


value of the 400-cps voltage which is applied to the primary winding 
(of the step-up transformer of the high-voltage rectifier (unit VS). - 


Thus it is possible vo adjust on each transmitter the desired value of |. - 
the dc-component of the magnetron anode current when the power supply | 


to all transmitters Ls drawn from a common 400-cps voltage source. Re Se o> : 


The connections of the windings in the autotransformer are illus- 


Control Panel 


The control panel is of a swinging type on which the control and ne , 2, 
monitoring components are mounted. Sak ea 8 


A schematic diagrm of the control panel is shown in Figure 535  (p 115) . 
On the panel are located: | | 


7 milliammeter IP-1 with a 0-100-milliamp dial for measuring 


: | the de-component of the magnetron anode current ; 


- elements of the filter in the circuit of the de-component of . - 


the magnetron anode current’ (chokes L3, Dro and capacitors Cy¢, Cis. 


~ contact plates P 6 of the control autotransformer ; | 
~ signal lamp LN 2, "Magnetron Heater", and its shunting tire a ae 


' resistor R11; 


- signal lamp IN 1, "ANODE" (with resistor connected in series) . 
which indicates the presence of 400-cps voltage at the input of the a 
high-voltage rectifier; — | = 
« transmitter switch V 2 ; 
- capacitor C 18 of the capacitive voltage divider : 
- control jack G4, “CHARGING OF LINE"; . 
~ Tuses Pr 2 and Pr 6 in the supply éircuit of the anode-heater 


. transformer is the thyratron unit and 4 220-v; 50-ceps jack; 


-220-v, 50-cps jacks G 5 for power supply to measuring instru- | 


ments » soldering iron, portable lamps >» ete. 


Adapter blocks with clamps, located in the housing of the regulat- | 
ing autotransformer, are used to connect the components of the control — 
panel with the transmitter circuit. P % _ - . 
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| oS Fig 53. Schematic Diagram of the Control Panel — (p 116) 





1. control panel 
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Fig 54. Transmitter Cabinet (p 118) 
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. Construction of the Transmitter Cabinet oo (p 1.7) 


The oes cabinet is shown in Figures 54 and 55 ; 


: In the lower part of the cabinet to the right is the high-voltage 
rectifier unit Gy: next to it is the artificial long line 6, and to the 
left is pulse transformer 5. | ” | 


| The elements of the correcting circuit - capacitor and resistor 9; 
are mounted in front of the pulse transformer. 
i 
The protection panel 7 is mounted directly in the cover of the 
line unit. The protection diode is mounted on a special clamp placed. 
over the high-voltage line insulators. | : | 


| In the upper part of the cabinet are thyratron unit 2 and magnetron 
ie system 3. Over the thyratron unit and toward the front is control panel 
, 1, behind it the control autotransformer and close to the rear wall of 
. the cabinet is the blower. : 


The blower ducts are mounted behind the magnetic system. 


In case of necessity the air-duct can be detached: from the blower ; 
and the blower removed from the cabinet. 


Automatic devices 4,type AD-3 x 5,are mounted in the left part of 
the cabinet in front of the magnetic system. | 


| _ The coupling element between the magnetron and the waveguide line. : (p 120) 
is mounted on a bracket. of the magnetic system. The unit is set on its 
axis in such a manner that it permits a limited movement of the SMS. 
This ensures an accurate coupling of the SMS magnetron coupling unit : 
flanges with the waveguide. | | | 
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: Mig 55. Transmitter Cabinet With Doors Open (p 119) 


control panel 

thyratron unit 

magnetic system 

automatic devices, type AD-3x5 

pulse transformer 

artificial long line 

protection panel 

high-Yoltage rectifier 

capacitor and resistor of the correcting circuit 
R-4P type relay 
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CHAPTER FIVE | (p 121) 


THE RECEIVING EQUIPMENT . 
/ 


The receivers, which are part of the station equipment, are 


antennas, after they have been reflected from targets, and converting 
them to dec pulses. | : Cote Sees 


The receiver complex includes six PRS-1 centimeter-wave receivers. 


. 
ae | 
designed for amplifying the high-frequency signals received by the | sie ee | | 


. A dlagran showing bhe interaction of the receivers with other units 
of the station is given in Figure 56. 


The reflected signals received by the antenna are fed through the 
APS-1 antenna switches to the PRS=1 receivers. Part of the power of 
the corresponding transmitter is applied through the attenuators of 
the APS-1 antenna switches to the input of the automatic frequency 
control channel of each receiver. HY 


The PRS-1 receivers are supplied from a 220-volt, 50-cps line, 


| while the d-c voltages for supplying the receivers are provided in the 
receivers themselves. a 


Video signals from the output of each PRS-1 receiver are fed through 
slip-ring TK-03 to the input of the appropriate unit of signal mixer SS-1l. 


‘The mixed video signals are applied to units VS=3 and VS of the 


indicators. 


: . ; 


All receivers are controlled from remote control panel PDU-] (p 123) | 


located in the indicator vehicle. 


The following parts are on this panel: 
‘ 
“= gain control potentiometers for all receivers; 
-« switches for switching on and off the instantaneous AGC and 
differentiating circuits of all PRS-1l receivers. 


The instantaneous AGC circuits of the first and fourth, second 


and fifth, and third and sixth centimeter-wave channels are switched on 


and off simultaneously by the appropriate switches. The differentiating 
circuits of the first and fourth, second and fifth, and third and sixth 
centimeter-wave channels are switched on and off Simultaneously in 
exactly the same manner. | | 
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Fig 56. Receiver-Equipment Connections With Other Radar-Station Units (p 122) 


1-6. APS-1 antenna switches 
7-12. PRS-l1 centimeter~wave receivers 
13. SS-1 signal mixer (channels 1,2,3) 
14. SS-1 signal mixer (channels 4,5,6) 
15. VS-3 video signal unit 
(16. indicator 
17. PDU~l1 remote control panel 
18. NRZ-l ground-radar-interrogator receiver (B-15) 
19. NRZ-1 ground-radar-interrogator transmitter (B-11) 
20. NRZ-1 ground-radar~interrogator indicator (B-16) 


Se ep nye ein eee ee tig prea 
Tee & " ” wo . 


aoe ine serene ‘ag eme wimtt ate + My 
7 a? cea 


* ° 
‘ 


90X1-HUM 


-~ 80 = 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 














Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : Re ROU OO ZO Rea DOU ECON: 








~ 50X1-HUM 


The Centimeter-Wave Receivers (PRS-1) ie ee ©: 124) 


1. General Information. 





lonete Technical Characteristics of the Receiver 
eer eT : 


The receiver is characterized by the following basic data: 
1. Operating frequency ~~ fixed. | | | a 
2. Receiver circuit «= superheterodyne with high-frequency es 
amplification encompassing a travelling-wave tube, with single-step 
frequency conversion provided by a waveguide mixer. A reflex klystron 
is used as the local oscillator in the recelver. 


The types of APS-1 (antenna switch) units and AFC~l blocks of’ the 
'. receivers are shown in Table 2, oy 


Table 2 
Types of APS-l’ Units and AFC-1 Blocks — 
of the Centimeter-wave Receivers 


an Channel Type of Frequency of Local Oscillator Type of 


| No. . APS _— Relative to Signal Frequency | AFC Block 


L G below N 
. it Zh | below N 
III V _ above | V ; 
oe Pub Ye above | V ts ,2: 
| Vv B . above — V - 
- VI D above - eee Vv mi 
te etree 
3- The noise factor of the receiver is not worse than ll. (p.125) 
4. The pass band is 0.7270.15 me. | 7 
d- The maximum amplitude of signal pulses at the receiver output 


(with a load of 750 meters) is not less than 3 v. 
6. With manual gain control, the amplification factor is at least 
| 300. | a 
as 1. The following auxili ry devices are encompassed in the receiver 
for noise protection: | 


i m= instantaneous automatic gain control (MARU) for protection against 
loss of sensitivity as a result of interference in the form of highe 


amplitude long-duration signals; | 50X1-HUM 
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. -- a differentiating device for protection of the channel against 
| & loss of sensitivity as a result of interference in the form of a Long 
duration signal. | _ = = 


8. Tie receiver has automatic frequency control of the local 
oscillator; the AFC range is £ 7.5 me. 3 7 | 
9. The receiver is powered. from a three-phase, e2Qevolt, 50-cps 


&ec network. 





Functional Diagram of the Receiver 


A functional aiagram of the receiver, shown in Figure 57, includes 
@ signal channel and an AFC channel. . | 


The signal channel includes the following basic elements: . —_ ) 
e- RF amplifier 3 with waveguide coupling 2 and antenna switch (APS) (p 127) 


~- signal mixer 5 with preselector 4; 

-- local oscillator 21; 

-~ seven-stage IF amplifier 6-12 4 

detector 13; 

#- video amplifier 14; | _—o 

#- final amplifier; . 3 

ee three stages of instantaneous AGC (MARU) 16, 17, and 18: 

w- differentiating network (connected to video amplifier input) 14. 


The automatic frequency control (AFC) channel includes: . 


W- attenuator 20; — = 
w= AFC mixer 22; 
«-- two-stage IF amplifier 23 and 24; 
e- discriminator 25; 
-~ pulse amplifier 26; 
“= control tube 27; — 
~- search generator. 

The reflector RF signal is taken from antenna switch 19 to the input 
of unit UVCh-l (RF amplifier) 3 where it is amplified and sent to mixer 
2 of the signal channel. A voltage from local oscillator 21 is also 
applied to this point. , 


| As a result of this conversion, IF pulses are obtained which are (p 128) 
/ separated within the input circuit of IF amplifier 6 of the signal co 
| channel. These pulses are amplified in the subsequent stages 6 through 

, 12 of the IF amplifier and are converted by detector 13 to dec pui5Qgx1-HUM 
(video pulses), which are then amplified by the video amplifier. 


a 
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| Part of the energy of the RF pulses taken from the transmitter a 
through attenuator 20 of the unit APS-1 (antenna switch) is fed to mixer — 
22 of the AFC channel, to which is also Sbrreee a mereeer from local 
. eee 


These pilees are first converted to IF pulses and then to dec 
pulses which control the thyratron circuit regulating one frequency of 
the local oscillator. 


Local and remote gain control are provided by the seoiieatiea: of a 
negative voltage to the grids of the second and third If amplifier 
stages; this is dependent upon the at of the “Gain Control" 
switch in unit PRS-l, ' 





eS | The voltages for remote switching-in of.the differentiating circuit 
, and MARU relays are applied through a plug in unit PRS-1 to the ‘appropriate 
network, 


The differentiating circuit is connected in the grid circuit of the 
video amplifier. The three MARU stages are connected to the last SaROS i 
“stages of the IF amplifier. 
Power for the receiver is taken from transformers and germanium  (p 129) 
rectifiers mounted in unit PRS-1, while the yoltage stabilization ee 
circuit is also located here in an independent subassembly <= the 
stabilization block. 


Schematic diagrams of the control panel and the power supply unit 
(PRS-1) for the IF amplifier and AFC blocks and the supply voltage 
pavebeseeaeton block are given in a separate albun. 


2. The Signal Channel | 
Waveguide Coupling From APES) to UVCh=1 (VPS) 


The waveguide sedating (Figure 58) serves as a link between the 
antenna switch (APS-1) and the microwave amplifier (GvCh-1). } 


It is a waveguide of complex configuration with different cross- 
sections at either end. One end of the coupling has a special flange 
which is joined to the rectangular ATR tube of unit APS-1. The other 


end of the coupling is terminated with a flange for connection to unit 
| hia ao 





\ 
. | The cross-section of the coupling on the UVCh end is 72 x 10 mm 50xX1 “HUM 7 
_.. and corresponds to the cross-section of the UVCh waveguide. The cross-~ 
section of the other end of the coupling is determined by the cameetons: - Of 
of the rectangular a tube. | 8 a2 @ 
| stk of 


va " 
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: Fig 58. . Waveguide Junction | (p 130) . 


1. tuning screws 
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© . The transition from one cross-section to the other is accomplished (p 131) 
smoothly in the middle section of the waveguide. - 7 


Three gone stubs are located in the wide wall of the Waveguide 
to eliminate reflections caused by bends and by the change in cross« 
section, as well as for the purpose of matching the input of UVCh with 
unit APCh-1. The position of these stubs is fixed after tuning by 
means Of lock nuts. 


Travelling-Wave Tube Microwave Amplifier 


/ 





The microwave amplifier (UVCh-1) is connected between the rectangular 
ATR tube of the receiving arm of the antenna switch and the preselector 
of the signal mixer. a 


Use of the microwave amplifier reduces the demands on the quality 


of the crystal detector and on the circuit of the IF amplifier input 
stages. 


In addition, introduction of the microwave amplifier increases the 
protection of the crystal mixer against the action of strong RF pulses. 


\ @he UVCh-1 unit includes: : 


e~ travelling-wave tube, type UV-1B; 


= focusing system (solenoid) which produces & longitudinal 
magnetic field; 


-- & matching device which matchés the input and output of the 
amplifier; ! 


_ =e & centering system for the UV-1B tube. | (pp 132) 


A schematic diagram of unit UVCh-1 is given in Figure 59. 


Power Supply for Unit UVCh-1 


All supply voltages to unit UVChel come through & cable from unit 
PRS]. soe : | 


, , | / "Design of Unit UVCh-1 





An overeall view of unit UVCh-1l is given in Figure 60, While 50x1-HUM j 
UV-1B is shown in Figure 61. - 3° | / 


> 


rv” 
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Fig 60. UVCh-1 Unit (TW-tube Microwave Amplifier) (p 134) 
1. piston adjusting knobs 
2. input centering device 
3.. side coil in housing 
4h. input-waveguide flange 
5. center coil in housing 
6. side coil in housing 
7. output-waveguide flange 
8. power plug-in 
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Fig 62. 








= - Fig 61. UV-1B Lamp 





ese esses eases naansameaee !, eee le renewal 








| a 


a Tee 
WY, i SSSY/LL 
( 


nz ee ee 







ee ee ee ee ee Oe eS ede 





at the Conjunction of Waveguide and Housing 


1. flange 4. brass tube 
2. side coil 5. housing 
3. center coil 6. piston 

- 89 - 


(p 135) 


90X1-HUM 


Cross Sectional View of the UVCh-1 (TW-tube Microwave Amplifier) 


(p 138) 
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The following voltages are required for tube UV=1B: 
Filament  @=3 Vv 
Control electrode _ O25 v relative to cathode 
Plate I : 0-100 vs" ue 
Plate II | 150“225 v " " ground 
. pO 3008375 vy " ' " cathode | 
Collector : Loo v . "4 | 
2 300 v it 1 te. 


These voltages are controllable, since the operating mode of the 
cube is selected for each individual tube within limits close to its 


- Yating. 


in order to simplify the rectifier of unit PRS=1 ana to use common 
voltages of +300 and -150 v for the receiver, the cathode of the tube ig 


\ 


not grounded, and a voltage of -150 v is applied to it. 


The stabilized voltages of -150 and *300 v and the filament voltage -(p 136) 
are taken from unit PRS-1 through the control panel located in this unit :....- 
and pass through the power cable to the electrodes of tube UV=1B. os 


Of particular importance is the stability of the voltage at the helix 
(plate II) which controls the interaction of the electrons with the | 
electromagnetic wave (interaction voltage). The amplification of the 
travelling=wave tube is very critical with respect to this voltage. 


A dec voltage is applied to the solenold, and the initial current | 2 


of the solenoid is equal to 8 0,3 a. When the solenoid heats up, this 7 
current drops to 6 = 7 a at which the required strength of the magnetic © 7 
field is achieved. rs 


The design characteristics and basic dimensions of the amplifier | . 
unit are determined by the position which the unit occupies in the RF | 
tract of the receiver and by the dimensions of the tube (TW) and the 


. solenoid. 


The amplifier unit consists mainly of three parts: ‘solenoid, 
waveguides with tuning elements, and the system used to center the tube 
in the magnetic field. 


In order to avoid undue distortion and. attenuation of ther magnetic 
field in those places where the tube is linked to the input and output 
waveguides, the solenoid is made in the form of three individual coils 
and has a total length somewhat greater than that of the helix of the 


‘ 


tube, 
The solenoid consists of three coils whose total resistance ee 
temperature t220°C is 2.80 = 3.3 ohms. | | (p 137). 


=i60is 
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The coils are wound on brass tubes (Figure 62). These tubes serve - 
as the outer shell of the coaxial helical line in the center coil and 
as RF filter plates in the side coils. The tubes are connected as a ~ 
single plece by bushings extending from the side walls of the waveguides. 


\ 
Zo 
_t 
' 
5 
6 
5 ° 





The cross-section of the waveguide channels of the amplifier are 
selected at 72 x 10 mm. The width of the narrow wall of the waveguides 
is determined by the length of the exciter stubs of the UV~1B tube. 
Flat flanges 1 are fitted to one side of the waveguides to permit attach- 
ment of the amplifier to the waveguide coupling at the input end and 
attachment to the preselector cavity of the signal mixer at the output 
end. On the other side, each waveguide is shorted by a piston 6 which, 
by means of a special drive, can be moved along the waveguide to 
provide tuning to maximum signal transmission. 


The ends of the outer coils are covered by two metal plates to 
which the tube and the device used to center it in the magnetic field 
are attached. The tube is held by an ordinary 8-pin tube socket and a 
cap holder with segmented lobes. The position of the tube along the 
axis of the unit is adjusted by changing spacers during factory adjust« 

_ment. Incorrect adjustment of the tube causes a deterioration in its 
sensitivity. 


Each centering device consists of a system of two eccentrics. (p 139) 
. One eccentric is formed by a cylinder, to which the tube socket (or | 
cap holder) is fixed, fastened to a metal disk with an eccentricity of: 
0.6 mm relative to the center of the disk. The other eccentric is 
formed by a round cylinder, the axis of the external surface of which 
is displaced relative to the inner surface also by 0.6 mm (Figure 63). 


If one of the centering devices is kept stationary, rotation of / 
both eccentrics of the other device will cause a movement of the center 
of the spiral of this end of the tube as shown at the right in Figure 63. 


if both centering devices are adjusted, the axis of the tube can 
‘be made to occupy any position in space, limited by the cylinder toa « 
diameter of 2.4 mm, relative to the axis of the focusing system. | 


Correct orientation of the beginning of the helix relative to the 
axis of the input waveguide noticeable improves the matching of the tube 
with the microwave channel. In view of this, the cylinder of the tube 
socket is held in the centering device in such a way that, once the tube 
has been centered inthe magnetic field, the tube may be rotated around 
| its own axis. . 
| The armature of the solenoid is placed in a cylindrical sheath made 
of soft steel which screens the tube against the influence of exi)0X1-HUM 
flelds, 
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Fig 64. Main Elements in the Reflex Klystron 
(p 142) 


1. repeller (reflecting electrode) 
2. resonator grids 

3. accelerating electrode 

4. focusing cylinder 

5. cathode 

6 » heater 
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- The solenoid heats up during its operation and is therefore cooled 
by a fan in the transmitter unit from which an air duct runs to an | 
opening in the base of unit UVCh-1 (travelling-wave.tube amplifier). (p i421) 


The what for cooling arises because of the fact that, without cool- 
ing and at the high temperatures within the body of the vehicle, the 
solenoid may become overheated. | 





The weight of unit UVChel is approximately 40 kg. | 
/ The Local Oséillator 


A 10-centimeter reflex klystron of the Kell. type with an external 
cavity resonator circuit is used as the Oscillator tube. 


The basic elements of the reflex klystron are shown in Figure 64, NC 
When the supply voltages are applied to the klystron, Oscillations .... . 


‘ 
| ~. are set up in the local oscillator circuit which may be maintained under -.- 
certain conditions. , os 

| 

| 


The mechanism by. which these oscillations are maintained in the 
klystron circuit may be explained as follows. Electrons escaping from 
the cathode enter the electrical field of the resonator circuit as & 
result of the action of the voltage of the accelerating electrode and | 
the grids of the resonator (approximately 250 v). This beam, whose 
electrons are homogeneous with respect to velocity and distribution, 
enters the space between the grids of the resonator and is velocity~ 
modulated as a result of. the action of the high+frequency electrical field, 


S | _ When the electrons escape from the grid area they have different -- . 
, velocities, whereupon they are bunched during the time that they move in 
: the area of the reflector plate (the drift space). Bunching occurs in (p 143) 
the beam around those electrons which pass the gap between the grids at 
! that moment when the aec voltage in the’ resonator passes through zero 
| | and the electrical field in the gap between the grids changes from 
retarding to accelerating. Thus, the distribution of charges in the 
| beam is not homogeneous and, consequently, ‘the beam contains an 
alternating current component. 7 | | i 


. When the electrons return due to the action of the repelling field 

of the reflector, the current maximuns of the beam must pass the grids 

{ of the resonator at those moments when there ig voltage in the resonator, 
—— which creates a retarding field for ‘ihe electrons. | _ 
: a. 90X1-HUM 

—— Only in this manner will the eJ:ictron beam impart energy to the 

local oscillator circuit and sustair oscillations in the circuit. If 

% this’ did not occur, the electron bee: itself would remove energy from the 
& circuit,and oscillations would cease, . | 


. 





” 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











“«¢: . sg" | | 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











. : 50X1-HUM §:. 
: The characteristic feature of any reflex klystron is the possibility 

+ of changing the frequency of generated oscillations by changing the 
voltage at the reflector. In any reflex klystron there are several 
voltage regions at the reflector at which conditions of generation are 
maintained. ; | 


2 
. 


. é : 
. Figure 65 shows approximately the regions of generation for the K-ll . 
klystron for a voltage of -250 v at the resonator. The regions of (p 144) - 
_ generation are numbered in order. The first (I) is the region of genera- . 3 
tion with the highest negative voltage of -250 v, the second (II) has a 
voltage of approximately -140 v, etc. | 





The local oscillator which we have considered uses the second 
region of generation, at which klystron K-ll, as a rule, provides 
maximum power. 


Figure 65 also shows the relationships ‘of changes in power and 
frequency of the klystron to thanges in voltage at the reflector within — 
the limits of the region of generation.. The frequency increases when the 
voltage at the reflector is increased. The change in klystron frequency .«:- 
caused by changing the voltage at the reflector between the points of ee 
half power is called the electron tuning range. | 


The electron tuning range of the K-11 klystron local oscillator is 
approximately 7.5 mc. 


An over-all view of the Kell klystron is shown in Figure 66. 


High-frequency energy is taken from the klystron circult by means 
of a coupling loop. The coupling. joint is connected to a Tejoint from 
which the local oscillator voltage is led to both mixers by means of ~ 
‘two high-frequency cables. 





Stable operation of the local oscillator requires that all fastening 
screws be fully tightened and the tuning stubs be securely Locked. , 
Power for the local oscillator is taken from the same rectifier (p 147) 
which feeds the entire receiver. A voltage of +300 v is applied through 
voltage-dropping resistor R26 to the accelerating electrode and the . 
klystron resonator. ; | | 


A negative voltage from potentiometer R34 is applied to the repeller 
electrode of the klystron during manual adjustment of the frequency. This — 
voltage may be varied from -55 to -220 v. With automatic frequency | 
control, voltage is applied to the repeller electrode from the plate of 
the search generator tube of the APCh-1 (AFC) network. — 


-. 50X1-HUM 
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Fig 65. K-11 Klystron Oscillation Regioris ( p 145 ) 
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Fig 66. Local Oscillator with K-11 Klystron (p 146) 


openings for tuning plungers 

output for feeding voltage to the repeller 
safety-lock bolt for attachment to PRS-1 unit 
high-frequency Tee 
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local-oscillator resonator 

output for voltage supply to resonator 
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Fig 67. Signal Mixer 
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9 (p 148) 


waveguide of mixer 12. preselector cavity 

crystal detector 14. preselector tuning plunger 

plunger-adjusting screw 15. plunger clamp nut 

plunger 16. capacitive probe for coupling to the 

split bushing local oscillator 3 

clamp nut 17. screw for adjusting coupling to local | 

erystal holder oscillator 

special plug 18. connection for local-oscillator cable 

local oscillator 19. flange for attaching to microwave- 

coupling device waveguide output 

collar 

#-wave filter 90X1-HUM 
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Signal Mixer With Preselector Cavit; 


The signal mixer is used to convert the pulses of the microwave 
Signal to intermediate-frequency pulses. The signal mixer is show in 
Figure 67, The mixer consists of waveguide section 1 with a cross~ 
section of 72 x 10 mm across which is placed a type DGS crystal’. 
detector 2. One end of the waveguide is closed by plunger 4, which _ 
is moved by means of screw 3, whose position is fixed upon tuning. At 
the other end are two diaphragms, which are separated from each other - 
by a distance of half a wavelength and form’ the resonance cavity of the 
preselector; the end of the cavity is fitted with a rectangular flange 
for attachment to UVChel.. On the wide wall of the waveguide mixer is : oO 
guide bushing 5 of the crystal holder with lock nut 6. Crystal 2 is (p 149) - 
screwed into crystal holder 7 and is placed in the waveguide so that its’ - 
other terminal is connected to the center lead:of special plug 8 of a 
cable leading to unit UPCHe-l. | . . | 


On this wall also is a device for connection to local Oscillator.'9. 
This device is described in the description of the AFC mixer, An - .. 
externally threaded bushing 10 for connection to special plug 8 is ae 
Located on the opposite wall. a | 


A special box contains quarter-wave filter 11, which passes RF 
energy to the input of UPCh-l (IF amplifier). The converted 
frequency is sent to UPCh-l by means of a section of coaxial cable. 
The resonance cavity of the preselector is a section of rectangular 
waveguide with a cross-section of 72 x 10 mm with two coupling windows . 
at the ends. ; ; ) | 


A tuning screw (plunger) is placed in the waveguide of the preselector 
cavity so that the gap between its end and the waveguide wall forms a 
lumped capacitance for the resonance cavity circuit. The resonance ° 
cavity represents a tunable selector device since it is equivalent to a | 
circuit connected between the microwave amplifier and the signal mixer. 


If Amplifier and Detector (UPCh-1) 


_ The voltage taken from the signal mixer is fed through high-frequency (p 150) 
cable RK-47 and the input plug to input winding Ll of the circuit (see | oo a 
schematic diagram). In order that the cable does not introduce a reaction ~~ 

in the input circuit, the geometric length of the cable is selected go 


that its electrical length is equal to half the wavelength of the | 7 / 


intermediate frequency oscillations. An equivalent diagram of the oe 
input circuit of UPCh (IF amplifier) is given in Figure 68, 50X1-HUM 
| j | | | / 
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Fig 68. Equivalent Circuit Diagram of the | 4 
Input Circuit of the UPCh-1 (p 151) 
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(detection of the local oscillator voltage, passes through resistors RL Oe neue Ee 


_ Rl and capacitors Cl and C2 are intended as a by-pass. 
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The current from the Signal mixer, formed as a result of the 
and R2. 


Resistor Re serves as a shunt for the measuring instrument of unit . 
PRS-1 (when measuring the mixer current with this instrument); resistor 


| The IF amplifier uses seven amplification stages with identical . 
circuits which are resonance tuned to a frequency of 30 mc. The first 
six stages use 6Zh1P tubes and the last stage uses a 6Zh5P tube. 


All circuits are formed By inductance coils » auxillary capacitors 
connected in: parallel with them, the capacitance of the tubes, and the 
capacitance of the wiring. The input circuit is tuned with a carbonyl 
iron core and all other circuits with brass cores. a 


The passband of each circuit is determined by the total capacitance | 
of the circuit and the shunting resistor connected to the ueees circuit - | 
of the tube. : es 


The IF voltage formed in the input sivouit is amplified by the 
first and subsequent stages of the IF amplifier. <A voltage from the 
+120ev circuit is applied to the plates and screen grids of the 6Zh1P | 
tubes. (p 152) . 





In order to avoid the necessity of having large blocking capacitors | i 
between the stages, the circuit coils ( with the exception of the input - geet 
circuit), the auxiliary capacitors of the circuits, and the shunting . Boog ote 
resistors are connected to the plate circuits of the tubes. a 

fs Ce ees 

Bias at the grids of the IF amplifier tubes = applied through RF 
chokes. | 


The supply voltage of +4120 v is applied to the UPCh stages through 
a resistance network which weakens parasitic feedback in the plate 
circuit between stages. - . 


RF chokes wound on ferrite rods and having high loss at high frequency 
are included in the filament supply circuits of the tubes. These chokes 
provide high attenuation of IF parasitic Senanne pEEOue? the filament 
circuits. 


In addition, all upp circuits are blocked by navaeicers near he 
zauee contacts of the power supply plug. 


Phe +300 v applied to the plate of tube > 62R5 @lso passes through 
an inductance-capacitance filter. | oo 90X1-HUM 
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f — The cireult of one stage of UPCh (the OF SARE APAORY is shown in- 

2 | ° Figure 69. | 

ca coe a Circuit Lh, C9 representa the load in the inte circuit of preceding 
2 _ "tube V2. - 


sa | Seo The inductance of the circuit is trimmed during factory adjustment —_ 
oo "py means of the brass core. 


- ‘The load of the stage examined above is the circuit in the plate of 153) 
_ + V3 formed by coil L5, coc Cli, and shunting resistor R14. 


fg | Resistor R14 in the plate circuit of tube V3 determines the gain . 

“fo, ann the passband of the given stage. RE-choke Dr6 protects the grid of 

nd o's o.° | the tube against strong signal overloads by maintaining a constant bias . 

“{ o°\. :.  woltage on the grid of V3. An initial: automatic.bias of the grid circuit | 
'. * Js ereated at resistor R13 in the cathode cireuit of the tube, which is | 

» blocked by capacitor C15. ’ | 


ny 


The cathode of tube V3 is connected through decoupling resistor R12 :.3..- 
to test jack K3, where the operating mode and performance of the pais 
is monitored. 


pee The plate of tube V3 is connected to the grid of tube ve of the 
. i subsequent stage by coupling capacitor Cli. 


Receiver gain is adjusted locally by changing the gain of the 
second and third tubes by applying a negative voltage to their control | 
grids from the potentiometer located on the control panel of unit PRS-l. 


Remote gain control is accomplished by applying a bias to the same 
stages from the potentiometer located in unit PDU-1 (remote control panel). 
The "Gain Control" switch on the panel of unit PRS-l is used to change 
from Local to remote gain control. 


re IF-voltages are taken from the plate circuits of the fifth, sixth, (p 155) - 
-, - and seventh IF-amplifier stages through blocking capacitors to the MARU. . 
(instantaneous AGC) stages. A control voltage is applied through filters 
a to the control grids fo the fifth, sixth, and eee ene stages. 
sf - ... .from.the MARU stages. 


‘The a aneeeeen detector is formed by a twin diode 6Kh2P. 


3 = A acre of the oueput stage of the IF amplifier and the detector 
| o/- | 4s given in Figure 70. | . 


4 | = a 'If-voltage is applied to the cathode of the detector throw5Qx1-HUM — | 
. "Ge ‘blocking capacitor C35 from the plate of the final IF-amplifier stage, 


“]  -"... which is based on tube 6Znh5P. Choke Drl9 permits passage of the direct = + 
uw @. | current component of diode 6Kh2P, The load. resistance in the plate 
et Oe, ae fe es, 





tee 


as 
tt 
yf 


” Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 








50X1-HUM 
t 
/ 
i po | 
e : of ea si Ye ve. - Rig eee : _ . [ 
| erg we ec . * 120 v "| 
Ral | = Ly, <9 Ri Fi 
Cn ae — 
, tov grid 
| Cia 
| +i} 
1V2. 
oF 
| ne” 
| 
6.39) 
.. a ya : oe 5 s. | 
| ‘bo v2 grid sceeeaacs +am gain) 
| edreuit ae | control. | : 


+ 
ge A ee 


. 
+ 
| - . : . are ere ee ee ~~ + 
: . 
. 
. = £ 
‘ 
’ 
* 


“a 


Fig 69. Diagram of a Typical UPCh (IF-Amplifier—Detector) 
Stage os (p 154) 
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Fig 70. Diagram of the UPCh-1 Output Stage’ and Detector 


(p 156) 
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cireult of the detector, equal to 4.2 kilohms (wesistors R26 and R27 in. 2 
Figure 73), is located in the grid circuit of the video amplifier of the oe Ae 
-"APChe1" block. : | a BS 


J . 
Two series-connected resistors R38 and R39 (Figure 70), which are 
multipliers for the instrument on the control panel of unit PRS-1, are 
connected to the plate of the detector. 


The plate of the detector is also connected through decoupling . ot 


resistor R37 to a test jack which is puere to monitor the petcreenee-< of: . : 
the detector. | | 


aes woe me 
2" Bg Gate Var ee cater gee BN ” 

Ps : : eet - i eet 
5 aia ce : BG fie Rew teesdeme 


j . 
Capacitor C36 shunts the load of the detector against intermediate 
frequencies. The values of the load resistance of the detector and the 
capacitance which shunts it are selected SO that the signal will not: 
be noticeably distorted. | ; 


ty, 


A negative d-c pulse is taken from the load of the detector. (p 157) 


Choke Dr20 is connected between the detector and the output contact «- 
~ of plug connector F2 of the UPCh-l block (connected by coaxial cable to «:' 
the video amplifier). This choke, together with the input capacitance 

of the IF-amplifier tube and the capacitance of the cable, creates a 

filter which impedes the penetration of If-voltages into the video a | 
amplifier. Such a filter prevents the appearance of parasitic feedback .- 
through the video amplifier circuits. 


The MARU-Circuit 


The MARU (instantaneous AGC) circuit protects the radar from 
pulse noises with large eee and durations a re of the 
useful signal. oo 


The MARU-circuit automatically reduces the gain of the last three 
stages of the If-amplifier when interference is present at its input - 
@uring operation. At the same time, the MARU-circuit does not attenuate 
the working pulses received immediately behind the interference. 


The MARU-circuit consists of three stages built around type 6N1P 
and 6N2P twin triodes (see schematic diagram). The first, second, and 
third stages are connected between the plate and grid circuits of the 
fifth, sixth, and seventh If-amplifier stages, respectively. The 
three MARU-stages provide sufficient depth of gain control — a . Pe, 
reduction of the flat part of the noise pulses to the. noise level. | es 


| The IF-voltage from the plate circuits of the fifth, sixth, and exyyum 
-geventh stages of the IF-amplifier are applied through blocking . 
capacitors to the corresponding halves of the triodes, which are - * ae 
-connected in a diode detector circuit. A diagram of one MARU-stage is 
given in Figure 71. . , 
- 104 - 
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Fig 71. Diagram of One MARU Stage | (p 159) 
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Fig 72. Oscillogram of an Output 
Pulse When the MARU is 


Operating 


1. MARU stages 1,2,and 3 connected; 
2. MARU stages 2 and 3 connected; 
3. MARU stage 3 connected. 


(p 160) 
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Nig 73. Schematic Diagram of the Audio-Frequency Amplifier (p 16250X1-HUM 
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Resistor R44,, shunted y capacitor O43 serves as the load of the 
a detector. 


A rectified voltage is applied through decoupling resistor RAS to 
the grid of the second half of the triode, which is connected in a 
cathode follower circuit. Resistor R43, which is connected to the 
-150~v source, serves as the load in the cathode circuit of this - 
trlode. The direct current component of the triode causes a drop in 
voltage across cathode resistor R43 approximately equal to 150 v. 

. Hence, the voltage between the cathode and ground is approximately 
equal to-0.2 v. This initial voltage causes a slight change in the 
gain of that acre stage with which the given peat een is 
Gebpectees 





me tm Ne - 


The gain of the MARU~stage is increased by ee dec feedback - 
from the output of the cathode follower to the cathode of the detector 
through RF choke Dr24, This choke blocks the path to intermediate 
frequencies. 


The other MARU- stages are similar to the one described. wate 


In order to prevent the third-MARU stage from being triggered by 
a sufficiently high noise levei at its input, the detector of this 
stage is blocked by a certain initial bias so that it begins operating 
at a certain "threshold." The triggering threshold is determined by (p 161) 
the magnitude of negative bias applied to the plate of the diode of . 
this stage from.divider R47 and R48 (see schematic diagram), which is 
connected to the -150-v network. The simultaneous application or a 
bias to the grid of the triode of this stage is compensated by the 
' choice of a resistance in the cathode circuit of the triode. 
| ‘The triggering threshold of the third MARU-stage is selected so as 
to prevent suppression of pulses of nominal amplitude. 


Resistors R41, R44, and R49 and the wiring capacitance and input 
capacitances of the tubes in all the MARU-stages create a delay in the 
triggering of the circuit for a period of time greater than the duration 
of the signal reflected from a single target. : 


An Oscillogram of the pulse at the output of the receiver (and at 
the load of the IF-amplifier detector) together with a square pulse 
having an amplitude of up to 0.2 v at the enpren teh input, is shown in 
Figure Te. 


;- : | 
The Audio-Amplifier (UNCh) and Differentiating Circuit 





S0X1 -HUM 
| The audio-amplifier consists of two stages: the preamplifier and Se 
a @ ' the final stage of the cathode’ follower (Figure 73). : 
| ~ 107 ~ 
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_ ~Video-Preamplifier and Output Amplifiers ae - (p 163). 


The pyeamplifier (video-amplifier) receives the required input _ 
voltage at the grid of the output stage, which is the power amplifier. 


Both UNCh-stages are based on a ONOP twin triode. The signals are 
fed by means of a special coaxial cable from the output of the detector 
located in the UPChel block to the APCh«1 (AFC) block which contains the . 
audio amplifier. Resistors R26 and' R27 form the load of the audio-~ < 
amplifier detector. Video pulses are taken from resistor R26 to the - 
grid.of the video amplifier. : 


Negative pulse signals are applied to the input of the video 
amplifier. The video amplifier tube is normally open and has a small. - 
negative bias between the grid and cathode as a result of the ener, in 
voltage across resistor R28. ao 


When large amplitude signals arrive, the video amplifier tube is 
blocked, and limiting occurs. The cathode resistor of the preamplifier. 
_is shunted by capacitor C25 for the purpose of decreasing negative a eee 
feedback,which attenuates the gain of the pulse signals. ae 


The grid circuit of the video amplifier is protected against | 
negative voltage from the output of the detector (d-c) by blocking (p 164). 
capacitor C27. Because of the presence of this capacitor, a ‘change in — 
noise level at the output of the I¥-amplifier does not lead to a change 
in gain of the audio empaaers 


Grid leakage of the video amplifier is formed by the back resistance’ - | : 
of crystal diode De, type De-Ye, which simultaneously performs the role 
of a dec restorer at the grid of the tube during overloading. 


The Limiting threshold of the video amplifier depends on the supply 
voltage, the plate load R29, shunting resistor R33, and on the bias at. 
the control grid. The values of resistors. R28, R29, and R33 is chosen 
sO that the amplitude of the ar at the ninte of the left triode 
does not exceed 6 volts. , 


Positive pulses pass from the sats of the left triode anda x ~ . 
blocking capacitor C24 to the grid of right triode 6N6P. Capacitor C24 ge 
blocks the control grid of the output stage against a positive vonage 


from ave plate of the video amplifier. 
{ 


In Riaeeaenewce & signal, the right triode is in an almost. closed 
state, since a large negative bias is applied to its grid through ~ 


resistor R31 and crystal diode D3 of the type D2-Ye. The necessity ‘for 5OX1+t -HUM 
obtaining a sufficiently large current pulse results in iselecting the 
eae ee in the lower bend of the characteristic of the tube. af : 

- sal 








‘ 
. « 
' 
' 
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| bn eet a 50X1-HUM | 
| Crystal diode D3, type D2-Ye, which is connected in the grid (p 165) 
circuit of the output stage, prevents overloading of this stage by eh fee 
a <>, | pulses of long duration and amplitude; that is, it plays the role of a _ 
vel. |. dee restorer. fe 7 ‘ 


The load of the output stage of the audio amplifier is an end- 
: a. matched coaxial cable with a wave impedance of 75 ohms. This stage is ue 
‘aq: -. in the form of a cathode-follower circuit. To prevent discharge of the =: 
os _.. cathode of the tube to the heater (filament) when the load cable is ee 
. - @isconnected, the cathode of the output-stage tube is shunted to ground - 
- by resistor R34, | . se 


f | This resistance is chosen on the basis that the true load of the Cee 
. «stage differs little from the wave impedance of the cable (R34 « 560 ohms). eee 


_:: stabilized voltage source. . 


Se a ae | Both stages of the audio amplifier are supplied from & +1208v 

ok fest Jack plug G2, connected to the output plug of the audio anpli-~ we 
: _ . fier, is used to monitor the operation of the amplifier and the entire “anes 
‘cel OS gecedver in the "APCh-1" block. SO | : gre 


Oe Grid-bias voltage is fed to the right triode from a special voltage . 
a | divider consisting of resistors R30 and R32.. This divider is supplied 
.- from a «150-v circuit. | | es . | 


fe ete 2 . Whe Differentiating Circuit | /  (p 166) 


ns In order to prevent overloading (blocking) of the video-amplifier ' 

eae ~° . stage by pulse noise of long duration, it is possible to connect (by 3 
means of relay Rl) a differentiating circuit comprising resistor R35 and} 
capacitor C23 into the control-grid circuit of the tube in place of ae 
resistor R26. © | 3 oe ) 


A differentiating circuit is not always needed in the video- 
zs _ amplifier channel, since in a number of cases it is necessary to Observe 
ay large groups of "overlapping" signals. - 


In differentiation,only the front of these signals is reproduced. 
Individual signals are not visible.. Therefore, the differentiating 
Circuit is connected remotely from the PDU-1 panel at the decision of 
; . . the operator. Also, it is desirable to switch on this circuit simul 
fe oe taneously with the switching-on of the MARU-circuilt. _ 


x The detected pulses are applied to the grid of tube V26 tk50x1-HUM | 

oe |  - capacitor C28 from the full load of the detector and through capacitor , * 
ae _ C27 and the contacts of relay Rl from part of the load (from R26). When Ae a 
a. |  @ voltage is applied to the excitation winding of the relay, resistor a 


ot - 109 - : roman sag Oe 
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| 50X1-HUM 
R 25 is connected in parallel with R36,and capacitor C27 is disconnected 
from the control grid of the tube. In this case, the signal is applied 
to the grid only through capacitor C28 and is differentiated by circuit 
C28 and R25/with parallel-connected resistor R36. 


The required values of C28 and R25 are determined by the duration (p 167) a 
of the working pulse of the radar. The working pulse must not be / 
differentiated, since this would cause a decrease in the output signal bo 
while maintaining the same noise level, that is, the mene nvavaey. of the P 
receiver would be reduced. pe 


3. The Automatic Frequenc Control (AFC) Channel 


The purpose of the automatic frequency control is to change the 
frequency of the local oscillator in such a‘manner that the intermediate 
frequency will remain unchanged in the event of a drift in frequency of 
the transmitter or the local oscillator itself. 


~ The AFC channel includes an AFC mixer and an AFC circuit; a a 
schematic diagram of the APCh-l (AFC) block is given in a separate album. 


The AFC circuit consists of two IF-amplifier stages, a discriminator, 
a video amplifier, and track and search stages. 


° -* 
2 


90X1-HUM 
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‘A. General View 
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, B. Cross Section 


os 
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Fig 74. APCh (Automatic-Frequency-Control) Channel Mixer ~ (p 168) 


: 1. coupling loop . | 8. space with absorbing layer 
: 2. cylindrical tube 9. Tee 
| 3. holder 10. coupling rod 
4. attenuator 11. coupling-rod base 
s. inside conductor 12. coupling-rod screw 
6. connector for voltage - 13. d-wave filter 
supply from local 
oscillator 


7. %$inside plunger 
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oo | The AFC Channel Mixer . 
The AkUachatinel mixer (Figure 74) converts the high-frequency pulses . 
(reaching its input from the transmitter and through an attenuator) into 
_ [F-puises. / 


- The AFC- mixer is a coaxial circuit containing a type DGS-detector. 
This circuit is linked by means of coupling loop 1 through attenuator 4 to 
the rectangular waveguide of the antenna switch. The attenuator is a (p 169) 
 gmall cylindrical tube 2 soldered to the wide wall of the main waveguide | 
' of the antenna switch. 


Optimum atteniation is achieved during complex tuning by moving the -* 
AiC-mixer and the coupling loop in an axial direction, thus increasing or 
decreasing signal attenuation. The position of the Al-mixer is fixed by 
clamp 3 once the required attenuation is obtained. 





For shorter waves corresponding to the higher harmonics (third and 
fifth) of the magnetron, the attenuator has less attenuation, and oscilla- 
tions at these harmonics could burn out or damage the crystal upon striking 
it. This is prevented by the introduction of two plates 4 made of a high-_ 
loss material (pertinax with an absorbent layer) into the attenuator. The | 
energy of the signal passing through the attenuator is picked up by the 
coupling loop and excites oscillations in the mixer circuit. Voltage is 
applied from the local oscillator through plug 6 to the coupler of the mixer. 


| The power applied to the AFC-mixer from the local oscillator is reg- 
ulated by means of a special device. Inner rod 7 of the local-oscillator 
input to the mixer is connected through T-junction 9 to a movable rod 10 
terminated with a cap ll. This cap, being at a great distance from inner - 
conductor 5 of the mixer, forms a capacitive coupling. The gap between 
the cap and the inner conductor 5 may be adjusted by means of screw 12 (p 170) 
which is rigidly attached to rod 10. The position of the rod is fixed by » - 
a lock nut. 


In the plug connector of the local-oscillator input of the mixer is — 
a special gasket 8 with an absorbent layer.. This gasket matches the input 
of the mixer to the wave impedance of the cable which —— energy from — 
the local oscillator to the mixer. | 





IF-voltage is taken from the detector by a special plug connector. 
This connector has a quarter-wave filter 13 which does not ee high fre- 
quencies to the input of the AC-circuit. | 


90X1-HUM 
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to plate. 
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“Fig 75. Diagram of Two IF-Amplifier Stages of an AFC Channel (p 171) 
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a = se = Fig 76. Diagram of the Discriminator (p 174) 
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| 3 | 50X1-HUM 
Ir-Amplifier of the AFC Channel 


The voltage taken from the AFC mixer is sent by a short high-frequency 
cable RK-47 to the input plug of the AFC (Figure 75). The input circuit is 
in the form of an autotransformer circuit. ' The length of the cable and its 
connection to part of the coils of the input circuit are determined by the 
necessity for decreasing the capacity reaction of the cable to the circuit, 
which is necessary to permit tuning of the input circuit to the intermedi- 
ate frequency. 


Matching of the AFC-input circuit with the impedance of the AlC-mixer 
is not critical. The passband of the input circuit is widened by shunting 
the circuit with resistor Bj. 


‘Resistor R2 serves as a shunt for the meter in unit PRS~-1 when meas- (p172) 
uring the AFC-mixer current. | 


The first stage of the IF-amplifier is based on a pentode dircuit with 
tube 6Zh1P. 


The second stage uses a 6Zh5P tube to provide the necessary gain. 


A circuit formed by coil L2, the input and output capacitances of the 
tubes, and the capacitance of the wiring serves as the load for the first 
stage. Resistor R9 in the plate load of the first tube ,» which shunts this 
circuit, determines the gain of the stage and the frequency passband. 


. Bias at the control grid of the first stage is provided by a voltage 
drop across cathode resistor R7. 


The second IF-amplification stage of the APCh~1 (AFC) block is loaded 
by a circuit connected to the discriminator. 


A controlled negative bias is applied to the grid circuit of tube 
6Zh5P to compensate aging of the tubes. The bias voltage is taken from 
potentiometer R5. Resistor Ri provides the necessary initial bias. 


The circuits are tuned to a frequency of 50 mc. Their passband is 
determined by the operating characteristic of the discriminator. 


The function of the remaining elements of the amplifier is the same as 
in the amplifiers of the UPCh-1 block. 


The Discriminator | | (p 173) 
A circuit diagram of the discriminator is given in Figure 76. . 
discriminator is based on tube vee, type 6Kh2P. 50X1-HUM 
aaa 
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© vo The plate circuit of Vel consists of two series-connected inductance | | 
coils L3 and Li capacitors C10 and C12, and the capacitance of 6ZhSP plus 
the wiring. | ‘ 


The afscriminator circuit, consisting of coil L5 and capacitor C15, 
as well as of the capacitances of the diodes connected in series with it 
and capacitors C14, Cl5, C16, and C17, is inductively coupled with coil 

. Lh of the plate circuit of 6Zh5P. 


The inductance of the plate circuit is divided into two parts (L3 and 
- Lh) for the purpose of providing a sufficiently small coupling between the 
plate circuit and discriminator circuit. Hence, it is possible to place 
Ly and L5 on a single small frame. | | 


The weak coupling between the plate circuit and the discriminator is 
necessary to avoid double-humped resonance curves in the coupling system. 


The symmetry of the parameters of the arm of the discriminator has a 
particilar influence on its operating quality. In order to achieve good 
symmetry, one half of coil L5 is wound between the turns of the obher half . 

of the winding. be . | : ee 


— 
pre ae <r eee Fee 


Of no less influence on the operation of the discriminator is the 
symmetry of the diode loads and the capacitance of the diodes themselves. 
This is achieved in the above discriminator circuit by connecting odddt=: (p 175) 
tional capacitors Cl and C15 in parallel with the diodes of tube 6Kh2P ~ | 
and by individually grounding the loads of these diodes (which are also 
of identical value). For operation of the discriminator with both loads 
R12, C16 and R14, C17, which are connected to the chassis, the diodes are 
connected in series in the arm of the discriminator (one with the plate — 
toward the circuit and the other with the cathode toward the circuit). 


Choke Dr-7 permits passage of the d-c component of the diodes in the 
discriminator. Resistor Rll prevents impact excitation of the choke dur-_. 
ing pulse operation. . | | 


The middle point of the discriminator coil is connected throggh capa- . 
citor Cll to the plate of tube 6Zh5P. 


A simplified equivalent circuit diagram of the discriminator (for high 
' frequency. operation) is given in Figure 77.: ; | 


The voltage in each diode is made up of two components. One component 

is the voltage in the plate circuit Uy, and the second component is equal 
ES to half the voltage in the discriminator circuit. The values of load capa-~ 
citors C16 and C17 are selected so that the voltage (in the operating fre- — 
quency range) in the right electrodes (according to the circuit in Figure 7 
T1) of both discriminator diodes may be considered equal, to zero50X1-HUM ~ 


eo o_o one 
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Equivalent Circuit Diagram of the Dis crim- | | oe 
_ nator (for high frequency) _ _— (p 176) ae 


= le ete te | 





. ate 
Fe. eer 2 
3 . 


A ow coe gh - 


| , J fel 

Fig 78. Vector Diagram of Currents and. 
Voltages of a System of Two _ 
Inductively Coupled Circuits 50X1-HUM 
at Resonance Frequency | (p 177) | 
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a @ Sie In the coil of the plate circuit of 6Zh5P the aes of cued ee Legs ome 
ee voltage Uy by approximately 90° (see the vector-diagram in Figure 78). The =. 
7 . 4. Magnetic Piux vector or of the plate coil coincides in phase with current — , = 
vector Tr: y | | os tina tie 
i 
7 _ The emf (4) induced in the coil of the second circuit lags the mage: i 178). 
netic flux vector $y by 90°. The current in the coll of the second circuit «© 1%. 
oe Ley @oincides in phase with the induced emf. The voltage jin the coil of =... _ 
the second circuit Ury leads the circuit current by rt and coincides = age: 
. “phase angle with current vector Iy. ies 


| The vector diagram given in Figure 78 is valid only when both coupled: ge 
. circuits are resonance - tuned, to the frequency of the signal. -. 


: Tt is seen from the vector diagram given in Figure 78 that the voltage _ 
induced at the resonant frequency in the discriminator circuit as a result . 
of the inductive coupling between Li and L5 lags: the ee in the plate ~ °° 

~ eireuit by 90°. 


beg Hee In view of the fact that voltage U; is connected to the middle: point... 
lS of the coil of circuit L5, C15 and that the ends of coil L5 are connected. 

/ | te each of the diodes, the voltage in each diode will equal the vector ich” 
* 4s the sum of the vectors of component voltages Uy and, Ii. The vector. 


_ @iagram of voltages in the discriminator diodes during operation at the 
ay? resonant ereduency is given in Figure 19a." : 


uae Vectors Uak, and Uaky — ‘the voltages between the plates. and cathodes + 
“of the first and second diodes of the discriminator — are smumerically : 
-. equal when operating at the resonant frequency. 


Gls lel «8 |. * 


| In this case the voltages rectified by the diodes at loads R12 see hp 360) 
' RL are also equal in value. But, according to the circuit in which the . 
diodes are connected, these voltages are opposite in sign.. 


a The output voltage of the discriminator, taken from the voltage di- 
+, . “Wider consisting of two equal resistors R18 and R15, is equal to gero when . 
a Br ast the resonant frequency. is applied to the eee 


. "When a signal at a frequency. other than. the resonant frequency is ap- 
plied to the discriminator, the phase shift of vector Uy will change de- = 
' pending upon the frequency. . As a result of the change inpphase shift of 


vectors VIL , the total voltage vectors in the diodes will also change both 
“Oo we 


no ; ' in direction as well cy in ‘value (see. Figures 19% and ‘93: and ‘Figure 80). 
| 2. 28 | | | se | 90X11 en 
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Fig 79, Vector Diagram of Discriminator yortauee (p 179) 
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Fig~80. Voltage Variation at ‘the Discriaretor Diodes. 
Depending on Signal Frequency (p 181) . 
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@ ee The voltages at the leads of the diodes will also change gp UA ISHUM 
with changes in the amplitudes of vectors ore and Vakyy for any departure 
from the resonant frequency. 


The odtput voltage of the discriminator, which is the algebraic half- 
sum of the voltages at the loads of the diodes, changes in value and sign 
with changes in the frequency of the signal at the discriminator input, 
dependitizg-upon the magnitude and the side to which the frequency differs 
from the resonait frequency of the discriminator (usually called the "zero" 
point of the discriminator characteristic). The frequency characteristic of 

the discriminator is given in Figure 81. ; 


fe As a consequence of theassymetry of the transmitter pulse and its fre- ‘ | 
_ quency spectrum, two-polarity pulses will appear at the output of the dis- | 
eriminator when it operates in the pulse mode even when the discriminator (p 185) 
is completely balanced by precise tuning of the signal to the zero frequency | 
of the discriminator characteristic. | ; 


The presence of two-polarity pulses at the output of the disciminator’ 
is unavoidable. The parameters of the discriminator circuit used in the __ o 
~ network are such that they permit a sharp reduction in the amplitude of un- “a 
- _ compensated residual pulses to a value which allows for sufficiently reli-  . 
ite able operation of the automatic control system. ; 


Two types of APCh-1 blocks are manufactured -~- type "N" and type “v" 
w« which differ only in the polarity of the discriminator characteristic. | 


Type "V" blocks have a negative polarity hump in the discriminator 
characteristic at frequencies less than "zero" and a positive hump at fre- 
-quenciés above "zero." ; 





ee oe ore ererieietones | 


The discriminator characteristic of type “N" blocks has the opposite 
polarity, as shown in Figure 82. 


The video amplifier, which is based on 6Zh5P tube, connected after the 
discriminator, reverses the polarity of the Pulses from the discriminator | 
output. | 


: The curves given in. Figure 82 show the polarity and shape of the en- 
velopes of pulses at the output of the discriminator ("discriminator pulses") 


and the output of the video ate ("ARC es for type ."V" and "Nn 
: blocks. 
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@ - _feemency Characteristics of the Discriminator oes oo 
| for s N and V APCh-1 Blocks 


The AKC-thyratron cireutt is triggered by Positive pulses at its input 
(the output of the video amplifier). 


Therefore, the working malees at the load of the discriminator mst 
. have negative polarity. 


| Normal operation of the receiver requires that the appearance of the 
positive AFC-pulse, when operating with the AlC-circuit, coincide with the 


4 _ dintermediate frequency, water is near the zero point of the discriminator 
a. Ms characteristic. } 
4 = For the first and wana channels, where the local-oscillator frequency 


ose 18 less than the transmitter frequency f,, (see Table 2), the inter- 
mediate frequency. | 


4 a fing = fir ~ Lose » 

a | ~ and for the third, fourth, fifth, and sixth channels, where the local-oscile 
a lator frequency is greater than the frequency of the transmitter, 

4 | fint = fose ~ ftr + 

4 | When the search generator of the AFC-circuit is ecovatiag » the fre- 

# . quency of the local oscillator changes, thus changing the intermediate fre- 
3 quency at the same time. _ ‘Figure 84 shows a graph of the voltage change at 
a - the reflector. 

ae | " : 
a 2 ‘When the search .generator is’ ‘operating ,» the Value of the negative volt- 
odo. y. O8@ Upep drops, causing a drop in’ ‘the frequency of the local oscillator. 

4 When the transmitters of the ‘first and second channels are operating, (p 186) - 


ag ee a drop in frequency of the local oscillator causes an increase in the inter- 


a mediate frequency at the discriminator input, and when the third, fourth, 
a fifth, and sixth channels are operating, the intermediate frequency decreases, 
a as shown in - “Rigare 82 by the arrows. 
A en: - When the “abow conditions are satisfied » there should first appear a 
om | _ negative AFC-pulses and then positive pulses. Therefore, the characteris- / 
2 nee . tics of discriminators for ‘wre. ce and wy" ARC blocks have the shape shown - 
in Figure 62, eee ee ae, aes 
_50X1-HUM . 
ee 
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: 50X1-HUM 
A¥C-Pulse-Circuit Amplifier 


The output voltage of the discriminator is applied directly to the grid 
of tube V23 (see schematic diagram), so that the load of the discriminator 
is, at the ‘seme time , the grid leakage: resistance of the amplifier. The 
pulse amplifier amplifies the signals to the level required for normal op~ 
eration of the tracking stage and is built around a 6Zh5P tube. 


Resistors R16 and R18 serve as the load of the tube. The gain provided 
by this stage is approximately 80. Voltage from part of the load (resistor 
R18) is applied through coupling capacitor C18 to the test jack "AFC-Pulse." 


The initial bias of the tube is sélected so as to profide undistorted 
— of the pulses of operating polarity (negative at the grid of 
Zh5P). 


The Thyratron Circuit — (p 187) 


The thyratron circuit comprises a tracking stage using control tube 
TG1-0.1/1.3 and a search stage using tube TG1-0.1/0.3 (Figure 83). 


A voltage of -250 v is applied to a voltage divider consisting of re- 
sistors R22} R20, and R25. The voltage drop across resistor R25 is approx- 
imately 230 v. ‘The cathodes of both thyratrons V2 and V25 are connected 
to this resistor. | | 


The voltage drop across resistor R20, equal to.94#10 v, is applied : 
through resistor R19 to the control grid of thyratron V2 of the tracking F 
stage and. creates a negative bias at the grid with respect to the cathode : 
which keeps the thyratron in a cutoff condition. 


A bias equal to the voltage drop across resistors R20 and Re2 is applied 
through resistor R24 to the grid of thyratron V25 of the search stage. . 
Changing the value of resistor R22 changes the bias and, thus, the firing | 
potential of the search-stage thyratron. 


The Search Mode 


The search mode ts that mode of operation of the AFC-circuit in which 
the voltage at the reflector plate of the klystron changes periodically 
within wide limits and, accordingly, the frequency of the klystron changes 
within the range of generation. 


The bias of thyratron V25 is selected so that when the voltage beso fp 190) 
tween the plate and cathode equals 170 v (corresponding to a plate poten-~ 
tial of -60 v relative to ground), the thyratron fires and begins to con- 
duct current. The thyratron remains open until the plate voltage api5Qx1-HUM- 
the voltage of the cathode. While the thyratron is open, almost all the 
Plate voltage (+ 120 v) flows through resistors R21 and R23. . 





22 - 
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| | Causing a Change of Local Oscillator Frequency (p 188) . 
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50X1-HUM 
The change in plate potential during the conducting period occurs as 


@ result of the rapid recharging of capacitor C23 through the small resis- 
tance of the thyratron from the negative cathode voltage source. 


Capacitor C22 is charged to a voltage of -210 v. This voltage is less 
than the cathode-to-ground voltage by an amount equal to the voltage drop 
. in the thyratron (15 v). At the end of recharging, the thyratron is _ 
- quenched, and capacitor C235. again begins to recharge from the +120 v source 
thromgh resistors R21 and R23. The voltage at the plate begins to increase 
to +120 Ve 


Recharging continues until the voltage in capacitor Ce3 re ‘the 
firing potential, at which time the entire cycle is repeated. 


The time scnetant of the circuit consisting of resistors R21 and R23 
and capacitor C23 is such that each cycle lasts approximately ome second. 


Thuis, a sawtooth voltage which changes from -210 v to -60 v is applied 
to the repeller electrode of the thyratron in the search mode, as shown in 
Figure 8. (p 191) . 


This cycle of the search mode is repeated until thyratron Vk (Figure 
83) opens, and operation of the AFC-circuit switches to the tracking mode. 


As was noted save , it is desirable that klystron K-11 operate in the 
second region of generation (where it provides the greatest power). 


In order to avoid the possibility of the klystron operating in a region 
where it provides less power, the firing potential of thyratron V25 is fixed 
during factory adjustment so that the voltage of the search generator does” 

not reach those values in which this region is located. | 


The Tracking Mode * 


The tracking mode is that mode of operation of the AIC circuit in which 
the voltage at the reflector plate of the klystron is automatically maintained 
at a level where the difference between the frequencies of the transmitter 
and the local oscillator remain approximately equal to the intermediate fre-~ 
quency. <A positive pulse is applied to the grid of the tracking-stage thyv 
ratron V24 as a result of the operation of the search generator and the‘ dis- 
criminator circuit. The thyratron opens (when the firing pulse is sufficient) 
and conducts current until its plate voltage reaches the potential of the 
cathode. 


While tube V2 is open, a voltage of #120 v flows, for the most part, 


through resistor R21, and capacitor C2l is recharged — the tube to itp 192) 
the eee of the cathode (-120 v). 50X1-HUM 


~ 124 ~ 
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7 © "5 Thyratron | V2h is ‘eit at the end of recharging. “since the poten= 
 *. “¢4a in capacitor C21 after firing of V2 is more negative. than in paar 
C23, the charging voltage of carne ee C25 changes. — 








In thd beginning, capacitor C2l charges capacitor C23 with a negative. 
charge, and the voltage in it, as 3 well as in the reflector, will drop (wind 
become more negative). 


. As capacitor C21 pty geiehadess from the +120-¥ source (C21, ‘Rel 
_ having a small time const the decrease in voltage in capacitor Cea is. 

-.. Gelayed and, at a certain moment, begins to increase , ; _ because it is |: 

tote 3 Sia from the same;+120 v source. : 


'  . fhe speed of charging of Soper ee C21 and C23 determines the law of 
' change of the voltage at the reflector in the tracking mode. 


The initial voltage drop in capacitor C23 results in the intermediate 
frequency becoming oer than 30 mc, and negative pulses again pass to the — 
grid of tibe ‘Vek. 


| “Sw. he increagein voltage at the reflector eentinuse until the intermed- 
| iate frequency again passes through a value of 30 mc. Then tube veh will’ 
again receive 4 positive meee ,ifire, and repeat the process once more. 


A diagram of voltage changes at the Iclystron reflector during opera- (p 195) 
tion of the thyratron circuit in the tracking mode is shown in Figure 85. 
This oscillogram may be seen at the output of the AFC- circuit. 


Ss Voltage fluctuations at the reflector ‘during tracking cause changes ° an ef 
. ‘the intermediate aden within limits of +100 ke. : 


This occurs after every three-four pulses of the transmitter (Figure eS 
_ 86) when thyratron V23 (Figure 83) is operating in a steady-state tracking « +./. 
- Mode, as may be seen at the test jack "AFC" Pulse. - : 


2% If the frequency of the transmitter drops slightly, the frequency of 7 
the local oscillator mst also drop in order to obtain dantintermediate fre- . 
quency of 50 mc; that is, it is necessary that the voltage at the reflector 
become more Positive. This is performed automatically. 


If, when,the transmitter. frequency drops, the intermediate frequency. 
first becomes greater than 30 mc, ‘a positive pulse will appear at the output. 
- of the discriminator. Consequently, negative pulses will pass to the grid 
-. . of thyratron v2 (Figure 83) and it will not fire. During this time, capa- — 
Pah citor C23 will continue to charge from the -120-v source and the voltage in _ 
it, and, hence, in the reflector, will become more positive, as seen in a 
| Figure 85 (section ab). Charging continues, until the frequency of the Mound 
oscillator again reaches a value at which the intermediate frequency will © 
- > pass through a value of 30 me. Then the tracking process will proceed in | 
. ‘the usual manners — , ede 5 | 


1G a 


50X1 -HUM 
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If the frequency of the transmitter increases, the voltage at (p 196), 
' the kiystron reflector must become more negative in order that the 
. frequency, of the local oscillator also tnerease to pears an intermediate | 
frequency of 30 MC. - 


Since in this case the intermediate frequency at first becomes less 
_ than 30 mc, negative pulses appear at the output of the discriminator 
and positive pulses flow to the grid of thyratron Vai (Figure 83) and 
trigger it. 


After each pulse, capacitor C21 eackeacee ts & voltage of -210 v. 
Thus, capacitor C2l recharges capacitor C23 more often than in the normal 
operating mode, and the latter assumes a more negative potential (Figure 
. 85; sector cd). | 


As a result, the frequency of the local oscillator increases. When 
‘ the intermediate frequency slightly exceeds a value of 30 mc, negative _ 
pulses flow to the grid of the tracking ehyreeron and the preenes proceeds y 
as usual. | | ee, | ee 


Manual Frequency Control | eee = ge 


Tuning the klystron and checking the operation of the AFC- circuit 
réquire that the voltage at the reflector of the klystron be changed slowly. 
This adjustment is accomplished with a potentiometer located on the control 

' panel of unit PRS-1l at the position of the "Manual" frequency-adjustment _ 
switch. . 


With the transmitter on, the pulses observed at the output of the 
video amplifier of the AFC-circuit ("AFC-Pulse" jack) will first be ’' aes 
negative and then positive if the shaft of the potentiometer is (p 197) 
turned in a clockwise direction (Figure 87). The law of voltage ba 
change at the reflector in this case will be the same as when eyetetene 
the AFC-circuit in the search mode. 


hy Common Circuits of ag 


‘The control and monitoring circuits, and the power supply circuit are 
the common circuits of the receiver. 





Control and Monitoring Panel 


The control and monitoring panel (see schematic diagram) is used to 
establish and monitor the operating mode of tube UV-1 [UVCh-1 7], as : 
_ well as to monitor the crystal-mixer currents, the woAveee at’ the detector, . 
and, the ey once of the receiver. ©. 
- 50X1-HUM 
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Fig 86. AFC Pulses in the Tracking Mode 
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(p 195) - 
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Fig 87. AFC Pulses During Manual Adjustment of the _ 


(p 198) 
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i LQ 


The operating mode of the traveling-wave tube is adjusted by | 
potentiometers R8, R13, R15, and R63. a : 


Oo 3 The durrent 4n the solenoid of the tube is adjusted with resistor R55 
' -- located in unit PRS-1 near relay RA-1. The solenoid current is adjusted © 
_-.at the factory and when UVCh-1 or the diodes which supply the solenoid 

' are replaced. | — | 


Resistors R73,-R74, and R75 in the -250-v circuit are used to -—™- 
apply a manual~frequency-control voltage from -250 to -50 v to the 
klystron reflector, at the same time maintaining operation of the — 

_ Ilystron within the limits of one region of generation. (p 199) 


Resistor R72, connected between the klystron resonator and the © 
300 v circuit, 1s a voltage-dropping resistor. The voltage drop 
across this resistor is equal to approximately 50 v asa result of the 

klystron current flowing through it. | 


: ‘The manual-gain-control voltage is taken from potentiometer. R77, ©. 
~ which is connected through resistor R78 to the -150-v circuit. Resistor. 
- R79 improves the smoothness of adjustment. : a ee 


The monitoring circuit uses a 100-microamp instrument IP1, type 
M-484, which has been reconnected for 125 microamps, 100 mv. The instru-" 
ment is connected to different circuits by means of two three-wafer | 
. switches (V2 and V3) with 10 and 7 positions, respectively. The designa= ©. 
tions of the positions of each switch are shown in the schematic diagram 
and on the control panel of unit PRS-l. 





Dividers consisting of range multipliers and wire shunts are used 
in the +300, +120,. and -250 v measuring circuits to drop.the voltage 
at the contacts of switch V5. The range miltipliers limit the current’ _ 
through the measurement circuits. The shunt resistances provide the 
necessary limits and measurement accuracy for the instrument. 


| | 
Measuring transformer Tr5, used for measurements of the traveling- 
wave tube filament circuit and the filament circuits of the remaining 
tubes, permits the presence of up to 35 v at the input of the tube volt- 
meter (with resistors R54 and R55), which is sufficient for operating the be 
voltmeter under linear conditions and providing high measurement accuracy(p 200) fF. 
of the filaments. = = — : : > 3 c 





bo The tube-voltmeter circuit for the filament circuits’ includes.a.~ ; 
type -8kh2P’ twin diode which rectifies the a-c. voltage... "= 


+f, 
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vs Parameters Measured With Instrument IP1 (p 201) ) 
| Parametor | Position of Position of ‘| Rated |, Scale Measure. 
| switch V2 Switch V3 Value accuracy 
| "Receiver Mode|"TW Tube Mode 
! _ Monitor" _ Monitor". | 
SE 
- Voltage -250v | 30 any 4 250v | red 10% 4 / 
| | | sector Pog Bey 
| Voltage +120v 4 “any | L20v a 10% 4. al 
Voltage +300v | a ae any 300v |500v(IV)| 100% 
1 e : : ' | 
‘ Filament volt.| 6 any except 2 6.3 red line +5% | 
| of tubes | (TW filament) od, | 
| | | | . 
| Volt. at out- | 7. any 025v Sv 10% oud 
| put of detect.| | . | (CIv-100) : 
| “ : | | hs 
| Signal mixer 8 any = | O.2ma | blue 10% 
current  s sector 
| | - | . 
! AFC mixer. | 9 any. - O.6ma-. aM 10% 
i current | | : ae | 
TW tube sole- | 12 (TW circuit 5 6:8a |10a(V). a 
noid current {| monitor) | a: 
| TW tube fila- n 6 | 2614269 | 3V(T) 0.05v 
- ment voltage a 
Voltage at TW W 7 ° | OF25v | 25v(IT) 3% 
' control elect. — . 
Voltage at lst " |. 8 0=-LOOV L25v 3% : 
plate TW tube | (IIT) — | : 
Current at 2nd 9 | 0F10ma | 500pa 3% 
plate TW tube | (Iv) 

; Collec. warren to | | LO to 500pa 500pa 3% 

{ TW tube : | ge) (IV) 7 
Voltage at 2n i 11 to 300v | 500v 26 | 
plate (TW ne oo | (rw) {50X1-HUM 

o- ics 





i 


" Declassified in Part - sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 














| Dectassit 


F ed in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 











| a ~ 50X1-HUM 
The d-c components of the initial @iode current are mutually | si 
equalized by connecting the diodes in opposition. 


Depending upon the position of the switches, instrument IP1 is | 
used as a d-c or a-c voltmeter, milliammeter, microammeter, and = 
ammeter. | : . - 4 





Measurement accuracy in the circuit is determined by the accuracy | 
of instrument IP1 as well as the precision of the range miltipliers .——_...— 
. and shunts. a 


Table 3 gives the parameters measured with instrument IP1.. 


In order to avoid disturbing the parameters of the voltmeter ; 
when taking measurements in the circuits of the tube and traveling-wave ~ 
tube filaments, two potentiometers R52 and R54. are connected into the 
circuit with which the readings of instrument IP-l (at 6.3 and 2.6-vol 
points) are factory set according, to a standard meter. 






Switches V2 and V3 make it possible to use instrument IP-1 for  (p-202) 
all necessary measurements of the receiver operating modes. | ys 


Switch V9 switches the operating mode from local gain control — | ae 
-of the IF amplifier to remote control. | 


The neon lamps located near the safety fuses light when the 
fuses burn out. an | 


| Lamps NL and NLS are used to monitor gwitching-on of the traveling- i 
wave tube circuits and the common receiver circuits. 


i 


Incandescent lamp LN-1 ("Solenoid Supply") signals the burning out | 


of 10-amp fuse Prd in the solenoid power supply circuit of UVChe-1. 





Only lamps’ NL4 and NLS shoulda be on when the receiver is operating 
normally. a 


Glowing of the remaining lamps is an indication of faulty 
operation of the corresponding power supply circuits. 


Switch V1 ("V.N. [rectified voltage] Common") switches on the -'+ 300, -_ 
+120, -250, +150, and -'+ o6-v rectifiers, while switch V5 ("V.N. TW Tube") 4 


applies rectified voltages of -+300 and -150 v to the operating-mode — 4 
‘eontrol circuit of the traveling-wave tube. - eas | 


50X1-HUM 
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& | 7 a ) ~ 50X1-HUM 
oo | The tube filaments are turned on simultaneously with the applica- 
tion of the line voltage to the power plug of unit PRS-1, while the 
filament voltage is somewhat reduced before switch Vl (V.N. Common) is 
switched /on. 


gS nS rr SO ee i cae 


On the control desk is a test jack to which a portable instrument, (p 203) 
similar to the one located in unit PRS-1, may be connected. The 
! _. portable instrument is used to monitor the power supply in the event 
- of a malfunction of the main instrument, as well as when it is necessary 
4 . to observe these conditions at a distance from the receiver. . 


f -Power-Siipply Circuit 


t 


4 . 4 The power-supply circuit provides the following voltages: 

J i a) a stabilized voltage. of -250 v at a load current of 15 ma; voltage = 

ki - stability is within 1% at load. drops from 15 ma to zero and network °F 

4. voltage fluctuations of # 5%; voltage fluctuations - not more than Bagh ae 
_- 0.03%; internal resistance is not more than 10 ohms; y Fe 7 


| b) a stabilized voltage of 1300 v at a load current of 80 ma; 
voltage stability (with load drops from 80 ma to zero and network ae 
voltage fluctuations of -++5%) is not worse than 1.6%; voltage fluctuations . . 
are not more then 0.02%; internal resistance is not more than 5 ohms. 


ia ae . hae F ~ a ee 
em ray i> Sepa ow OF ‘ae 
0 Ase? oe 3 Ae Pe ee ee 
« . a“ poss 4 =" . LS Yo ft ges 


| a | ve c) a stabilized voltage of #120 v at a load current of 95 ma; 
4.) | 8 voltage stability (with load drops from 95 to 40 ma and network voltage . 
a + -€luctuations of + 5%) is not worse than 2%; voltage fluctuations not 


ug . more than 0.02%; internal resistance is not more than 15 ohms; 

a a | a) a stabilized voltage of -150 v at a load current of 20 ma; | 
3  s woltage stability with network voltage fluctuations of *5% is not (p 204) 
4 worse than 0.5%; voltage fluctuations do, not exceed 0.01% gs 


.@) three stabilized filament voltages: ft ce ee 
7 2. 6.5 vat a load current of 6 a3 
~- 6.3. v at a load currant of 1.3 4; 


<4 Po i : ~- k,2°v at a load current of 1.0 a. 


f) stability of the filament voltage with a rated load and 


4 / / - network voltage fluctuations of -+ 5% is not worse than 1%. | . 
a ao A. functional diagram of the receiver power supply is giver ny, -HUM - 
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Fig 88. Functional Diagram of Receiver Power Supply (p 205). . | | 

. | : 

1. AC relay, type RA-1 9. source of reference voltage : 
"2. transformer for rectifiers of the -250-v circuit and of 
3. +300-v and --120-v rectifier |. the output voltage of the fy 
Ae -+-300-v electronic stabilizer -150-v circuit t 
5. +-120-v electronic stabilizer. 10. plus-minus-26-v rectifier P 
6. filament transformer for 11. saturable coil 
electronic stabilizers 12. electronic filament stabi- F 

7. 250 and ~150-v rectifier | lizer 4a 
8, ~250=v electronic stabilizer § 13. . stabilized~filament trans- : 
. former — | : - 
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50X1-HUM - 
Schematic Diagram of the Receiver Power Supply 


A schanatie diagram of the receiver power supply is given in 
Figure 89. | . 9 7 


A three-phase, 220-v, s0-epe voltage is applied to plug connector . 
Shl (contacts 3, 5, 7) from unit PS and from there to the primary contacts 
' of relay RA-1, to the primary winding of filament transformer Tr4, and 
-- to the primary winding of Tr3.:which is connected in series with Drl. 





The rectifiers are supplied from the secondary windings of three- 
phase transformer Trl, the primary winding of which is supplied from the. 
220-v 50 eps network, through the contacts of relay RA-1l. . 7 | 


As seen in Figure 90, the transformer has five secondary windings 
for supplying the rectifiers: . 


winding II -- 300 v (120 v) : ? . (p.208) 
" wiriding III -- 250 v, (-150 v) } 
windings IV; V; Vi a + 26 Ve 


Local switching-off of the rectified voltage of unit PRS-1 is 
accomplished by means of switch VI which breaks the coil circuit of relay 
RA-l. : 


The + 300-v and + 120-v Rectifier 


don 


The +300-v and +120-v rectifier (Figure 9la) is designed on a ; 
six-phase. circuit and, is supplied from winding II of transformer Tr-l. 
Type D-211 silicon diodes are used as the rectifier valves. 


One resistance-shunted valve is used in each phase. A filter 
consisting of two capacitors Cll and Cl2 with a total capacitance of 
14 pf is used ‘to smooth pulsations at the rectifier output. 


- Prom the filter output the rectified voltage is applied to a + 300-v 
electronic stabilizer and through voltage-dropping resistor R71 to a 
F 120-v electronic stabilizer. 


| 
The + 300-v and #120-v Blectronic Stabilizer 


The - 300-v electronic stabilizer is designed as a circuit with 
series<connected control elements connected to the load circuo0X1-HUM 
gtabilizer circuit is shown in Figure 9lb.— 
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Tube V2, type. 6S19P, is used as the regulating stage. | (p .210) 


The grid circuit of this triode is connected through grid 
suppressor Rl [7], R2 to the plate of the left triode of v4 of the 
control stage. | av 


The cathode of this triode serves as the output of the  300-v 
electronic stabilizer. : 


A control element with two amplification stages (twin triode v4, 
type 6N2P) is used to obtain high stability. 


Resistor R8 serves‘as the plate load of the left triode. 


- he control grid for the left triode is connected to the plate of 
the right triode through grid suppressor. R10, The cathode of the left 
triode is connected to the middle point of divider R4, R5, which is 
connected to the output of the *300-v electronic stabilizer. 


Resistor R9 serves as the plate load. of the right triode. ae 


The control grid of the right triode is connected to the chassis. 
The cathode of the right triode is connected through resistor R37 to 
divider R18, R19, R20, one end of which is connected to the t+ 300-v 
circuit and the other end to the -150-v reference voltage. 


The stabilization circuit operates as follows. With a change (for. 

_ example, increase) in the voltage at the output of the electronic | 

_ stabilizer as a result of an increase in the voltage at its input or 
-a drop in load current, the voltage applied to the input of the control . 
system (the cathode of the right triode of V+)‘increases. This change (p 211) 
in voltage is amplified by the two-stage amplifier and is applied in 
opposite phase to the grid of the regulating element (tube V2).~ The 
internal resistance of the regulating element increases, increasing the 
voltage drop in the element, and compensates for the increase in output 
voltage. ) 


8 eee 





‘The efficiency of the stabilization circuit during rapid changes 
in output voltage is increased by the presence of capacitors C3 and C4 
which smooth pulsations of the output voltage, since any rapid change 
in voltage is applied directly to the grids of the amplifiers of the 
control element. | 


The #120-v electronic stabilizer is a circuit with a series-connected .- 
regulating element and two-stage amplifying element. A stabilized. 
voltage of -250 v is used as the reference voltage. 50X1-HUM 
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ihe oe. Three parallel-connected tubes Vl, v6,-and V7 (type 6S19P) are used 
yo, as the 0 a stage. 


A rectified voltage of approximately 240-v is applied to the plates 


t - of regulating tubes V1, v6, and V7 through voltage-dropping resistor 
" . . ' R71 of the supply circuit; one end of the resistor is connected to the 
7. . positive pole of the +400-v rectifier, which simultaneously supplies 


the #300-v electronic stabilizer, and the other end is connected to 
, °' eapacitor C13 which, with resistor R71, forms the smoothing filter. 


"he cathodes of regulating tubes V1, V6, and V7 serve as the = (p 212) 
| -. output of the electronic stabilizer. 


| The control stage of the electronic stabilizer uses a twin triode . 
6N2P, tube V9. 


s 4 Resistor R26 is the plate load of the left triode. The control 
oo grid of the left triode is connected to the plate of the right triode 


fe | through grid suppressor R25. The cathode of the left triode is connected 
| to the middle point of divider R23, R24, which is connected to the -250. volt. 
circuit. 


Resistor R27, connected to the +120-v' source, serves as the plate ‘ 
load of the right triode. 


ere ee ONE Oy De ne 
aig eh ee Wosah re Mo ee a a ers . 

we eT ee, BS es = oh : Sas 
wae ee eT eee “remains Se Lenin ee ee cee ge ot 


The control grid of the right triode ts seuneeed to resistors R28 
and R29. The cathode of the right triode is connected to divider R30, 
.. R31, R32, which is connected to the -250 and +1l20-v sources. o 


—— | The plate of the left triode is connected through grid suppressors . a 
a Rl, R21, R22 to the grids of regulating tubes V1, V6, and V7. a 


id ee ee ‘ 
wm wt a6 
— Sap ates fan - webenee eo— 


A high-resistance divider consisting of resistors R30 and R32 and 
potentiometer R31, the cursor of which is connected to the cathode of the 
paar triode of V9, is used to regulate the stabilized output voltage. 


Capacitor 8, which prevents. excitation of the circuit from the side 
of the control stage and decreases pulsations of the *+120-v circuit, 
is connected in the control grid circuit of the left triode of V9. 
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. 28 Phe -250-v_ and -150-v Rectifier : —(p 213) 


The vectifier (Figure 92) is based on a 6-phase circuit. ‘Type | 
D-211 diodes are used as the rectifier valves. 


The rectifier is supplied eee een III of three-phase 
transformer Tri. 


The negative pole of the rectifier is the -250-v output; 


The positive voltage of the rectifier is applied to the -250-v 
electronic stabilizer. 


Capacitors C7, C8, and C9 are connected at the output of the. 
rectifier for Une purpose of smoothing the pulsations of the rectified 


Vorteees " 


Voltage at the rectifier output is equal to approximately: 340 v. 


The -250-v electronic stabilizer is based on a circuit similar to - 
that of the 300-v stabilizer, the difference being opposite polarity at 
the stabilizer output. 


The positive pole of the stabilizer is connected to the chassis. 
- The negative voltage. of the stabilizer is used to supply the receiver 
eee ven 


Tube V5--- a type 6N2P twin triode -- ae used as the control element. 


The stabilizer circuit is shown in Figure 93a. 


The -150-v Stabilized Circuit (p 216) 


A stabilized voltage of -150 v (Figure 93b) is taken from the 
cathode of stabilovolt [voltage stabilizer] V8, type SG1P, which is the . 
reference voltage source for the -250-v electronic stabilizer. The 
internal resistance of the -150-v circuit is determined by the internal 
resistance of the SG1P stabilovolt. : 


| The external characteristic of the stabilovolt has a sector in which 
. °-the voltage at the terminals of the tube changes insignificantly when a 
current of 5 = 30 ma passes through it. This sector is used to operate 
i. | the -150 v stabilization circuit. 


50X1-HUM 
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Selection of an operating point on the characteristic of the stabilizer 
is provided by the connection of load resistor R53 into itScircuit. 


Capacitor C10, located in unit PRS- 1, is used to decrease pulsations 
at the stabilizer output. 


The 6.3-v Stabilized-Filament-Voltage Circuit ! 


The 6.3-v stabilized-filament-voltage circuit (Figure 94) consists i 
of the sensitive element of the circuit -- tube V1O (diode 4Ts1ks) -- : 
the control stage based on tube Vll, type 6S19P, saturation choke Dri, 
and filament transformer Tr3. 


The control winding of the choke is connected directly to the (p 217) 
+120-v circuit. The other end of this winding is connected to the 
plate of regulating tube V1l, type 6S19P. The cathode of tube V1l is 
connected to the chassis. 


The control grid of the tube is connected to the plate of diode Poe 
type 4fsllS, through grid suppressor R36. 


Resistors R34 and R35, the load of the diode, are connected in the 
diode circuit. | 


The -150-v circuit is used as the reference voltage and is appliédi 
to the diode filament circuit through resistor R33. 


The filament circuit of the control diode is supplied from filament 
transformer Tr3. 


The stabilized voltage taken from the windings of transformer Tr3 
is applied to the filament circuits of the receiver. 


The circuit operates as follows: 


Changes in line voltage are transmitted to the input of filament 
transformer Tr3. At this time, the heating of the diode intensifies, 
leading to an increase in the emission of its cathode and, consequently, 
to an increase in plate current. The potential of the plate decreases, 
causing an increase in negative bias at the grid of tube V1l and a 
decrease in its plate current. At the same time, the current in the 
control winding of choke Dr-1, which is connected in Bertes with the 
plate, decreases. 

The decrease in excitation current of the control winding of : | 
saturation choke Dr-l causes an increase in a-c impedance of the (350X1 -HUM }- | 
regulating windings of the choke and, as a result, leads to an | 
additional voltage drop within it. This voltage drop compensates for Z 

the initial increase in line voltage. 
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A decoupling network consisting of resistor R33 and capacitor Cll | 
is used to decrease the effects of induction of the magnetic amplifier 
pn the -150-v circuit. | 





The +26-v Rectifier 


The + 26-v rectifier is used to supply the coils of the traveling- 
wave-tube solenoid with a current of up to 8 amperes. 





% 


The + 26-v rectifier is arranged in a 12-phase circuit with type 
D-202 silicon junction-type diodes (two in parallel for each phase). 
The rectifier is supplied from windings IV, V, and VI of transformer 
Tr-l connected in a 12-phase circuit. A schematic diagram of the 
rectifier is given in Figure 95. 


The windings which supply the + 46-v rectifier are designed and 
connected in such a way that the output voltages form a symmetrical 
12-phase star with a zero point. The vectors of these voltages are equal 
in magnitude and are shifted 30° in phase with respect to each other, 
forming a symmetrical star. 


The magnitude and direction of the vectors in each individual winding 
and at the output of the transformer may be determined by means of the 
vector diagram shown in Figure 96. 


A voltage on the order of 22 ; 25 v, established by means of a (p 222) 
wire resistor rated at approximately 1 ohm, is required for feeding | 
the solenoid coil. The resistor is connected in series with the 
+ 26+¥ circuit and a voltage on the order of 1 : 6 v flows through 
it, depending on resistance fluctuations of the solenoid coil. 


Due to the use of a eee rectifier, voltage pulsations are 
not more than 54. 


A 10-a fuse is hahoenavaten in the rectifier circuit for protection 
against short-circuiting of the + 26-v circuit.r: 
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Fig 97. PRS-l Centimeter-Wave Receiver (p 223) 
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~Fig 98. Connection Diagram for the Receiver | (p 22h) | 
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5. Design of the Receiver . 


Over-All View and Connection Diagram 
The centimeter-wave receiver (Figure 97) is designed in the form ~ 
of individual units housed in the PPS [transceiver] cabinet. 


A connection diagram of the receiver is given in Figure 98. 


The transmitter fan, connected by an air duct to an opening in 
the top of the PPS-cabinet, is used to cool the UVCh-1 unit. Additional 

spacers are placed between the cabinet and the UVCh-1 unit for the 

purpose of height adjustment. | : 
fhe signal mixer and AFC-mixer are connected to the local ‘oscillator 
and appropriate networks by cable jumpers (RK-47 cable). . | : | 


| _ All RF-plugs of the receiver have a wave impedance of 50 ohms (p 225) 
corresponding to the wave impedance of the RK-47 cable. 


All external moving parts of the receiver (coupling rods for the << 
local oscillators in the mixers, adjustment screw of the preselector 
‘ resonator, crystal holders in the mixers, tuning stubs of the waveguide 
junction, and tuning knobs for the plungers of unit UVCh-1) are located 
in easily accessible positions. me : 


The designs of unit UVCh-l, the mixers, and the waveguide junction . 
are examined in the descriptive sections corresponding to these units. 


The Design of Unit PRS-1 (Receiver) a 
rN LT : ‘ : F 

A u Unit PRS-1 is composed of the following subassemblies: the UPCh-1 

| a (IF-amp) block, the APCh-1 (AFC) block, the stabilization block, and 

the local oscillator'circuit in a separate housing. 


Subassembly construction makes it possible to easily replace 
faulty components with spares during combat operation of the radar. 


The local oscillator circuit is attached to the left side of the 
unit by four screws. , 


Voltages are sent to the klystron through a tube socket placed 
on the base of the klystron inside the unit. ‘°. | 


“s Voltages to the reflector plate and the resonator are carried (p 226) 
a ble conductors. : | 2 
a | individually by flexi . Cc : 50X1-HUM 
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All external control elements of the receiver are exposed at the 


- eontrol panel. Additional elements for controling the circuits are... 


mounted within the unit, mainly on a 36-contact wiring board, as well 
as on the side of the chassis. 


. Pilter and blocking capacitors are placed on a horizontal panel and 


a aide wall of the chassis. 


At the top of the chassis are: three-phase transformer, two filament 
transformers, choke, a-c relay for local-connection of high voltage, 
two plates with diodes of the -250, +300, and + 26-v rectifiers, as 
well as the range mitiplier of the solenoid circuit. 


The fuse in the solenoid-supply. circuit and the solenoid-current- | a 
measurement shunt are on a plate located in the upper part of the unit. f 


The fuses in the supply circuit of the ".250-v" rectifier are on 


a plate on transforner Tr-l. 


The remaining range multipliers and shunts for the meters of unit 
PRS-1 are mounted below the chassis. . 


At the bottom left of the unit are three plugs and the fuse jack of 
the filament eireuit . 


The line voltage of 220 v, 50 cps, is applied es unit PRS-1 through 
an 8-pin plug; a 20-pin plug connects unit PRS-1 with unit UVCh-1. 


A four-pin plug is used for the eenobe supply of relay voltages . (p 227) 
for the differentiating and MARU-circuits and gain-control circuit of 
the IP-amplifier. | 7 | 


' Design of the Blocks 


All three blocks of the receiver — UPCh-1, APCh-1, and the 
stabilization block — are built on chassis of identical dimensions. 
The blocks are connected to unit PRS-1l by means of 20-pin plugs. Each. 
block has two guide rods located in such a way as to avoid the possi- 
bility of error by placing one block in the position meant for another. 
The output of. the detector of block UPCh-1 is connected to the input © 


of the audio amplifier (block APCh-1) by means of an RK-19 cable . 


terminated at both ends by peeree connectors. 


90X1-HUM 
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The wiring side of block UPCh-1 (Figure 99) is divided by a 
partition into two sections. In one section are mounted all IF- 
amplifier’ and detector stages, and in the ‘other section are the 
MARU-stages (including three RES-6 relays). 


The method used in attaching the cover of unit UPCh-1 provides 
reliable electrical contact between it and the chassis along the entire 
length of the block. 


All wiring is positioned s0 as to minimize parasitic coupling 
between the stages. : 


On the front panel of the block are test jacks, screws of the cores 
of the eight circuit coils, and the instrument part of the "Detector- 
Gutput" plug. | 


The APCh-1 block (Figure 100) has partial separation between the (229) 
AFC~input stages and the audio-frequency amplifier-output stage to 
o prevent coupling between these circuits. 


The discriminator circuit and relay RES-6 of the differentiating 
circuit are attached to the top of the chassis of the block. 


On the front panel of the block are the shafts of the “AFC-Gain" 
and "Saw-Tooth-Pulse-Frequency" potentiometers, test measurement jacks 
| of the two tubes of the IF-amplifier and discriminator, two test jacks © 
"AFC-Pulse” and "IF-Amplifier Output," as well as the screws of the brass 
cores of the four circuit cells. : 


The electrical wiring in the stabilization block (Figure 101) is in 
the form of a bunched circuit. > 


On the front panel of the block are the shafts of the potentio- 
meters for regulating the +120, -250, +300, and 6.3-v stabilized 
voltages. | . . 
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Fig 99.  UPCh-1 Block s 


1. guide bolts 

2. 20-contact receptacle 

3. UPCh stages 

4. one of the test sockets 

5. input connector for mixer cable 
6. screw for attaching to PRS-1 unit 
7. MARU relay 

8. MARU stages 

9. detector output 
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‘Fig 100. APCh-1 Block (p 230) 
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Fig 101. Stabilization Block (p 231) 
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CHAPTER SIX | | Cp 232) 5 


CONTROL, TESTING AND PROTECTIVE EQUIPMENT 
Le General Information 


| Function of the System and its Components 
The control, testing and protective equipment provide: 


-- local and remote automatic switching of the transceiver; ; 
“- remote control of the receivers; 
-~- check on the operating mode of the transceiver; 3 
~« remote control of the 400-cps generator voltage coming from 
the transceiver and indicator vehicles; 
-«- local and remote control of the rotation of the transceiver 
cabin with the delivery of a warning sound signal; 
-- remote control of the antenna elevation; 
~- remote check on the elevation angles of the antenna; | 
--» check on the 50-and 400-cps voltage of the three-phase power — 
supply networks; a 
-- control of the accessories to the transceiver; 
-- protection of the main components of the transceiver and = (p 233) 
accessories during breakdown or‘equipment failure. fee | 


‘The control, testing and protective equipment fufther:.provide: 


== control, testing and protection of transceiver equipment; 
-» hOO-cps generator voltage control; 
-~ control and protection of electric drive motors for rotating 
cabin; - 
-- control, vesting and protection of antenna rocking mechanisn. 


‘The system for control, testing. and protection draws electric power 


from a 220-volt, ‘50-cps network. - 


Block Diagram of the System 
‘The block diagram of the control, testing and protective system is 


.. given in Figure 102, which also shows the number of devices connected 
to the system and their interconnections and connections with the radar 


vehicles. 


Some — of the control, estine and protection system are a Se 
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Fig 102, “Block Diagram of Control Tooting and Protection System (p 231) 
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® &. 4 ShchU-1 control cabinet, the PDU-1 remote control panel, the (p 235) 
units UN-1, UN-IIT and the distributor box RK. Ali. the other elements. 
_ of the system are installed directly in the sections and devices and are 
'. connected ve the circuits in these sections and devices. 
The ShchU-1 control cabinet is the central position among the system ~ 
equipment according to .the number of connections with other parts of the 
radar. In it are concentrated the main tee devices of one systen 
and the: local control devices. 7 
f oe we 


2. Technical Information On the ie of the System 
Function and Operation of the Control, Testing and Protective System ae: 


~ ‘the Transceiver 
. When the transceiver is connected, the system provides: 


~- instantaneous voltage to the filament circuits; 

~- (within 30-65 seconds) voltage to the stand-by circuits that . 
protect the PS-transmitters; : ; 

-- (within 130-165 seconds) voltage to the plate circuits of the =~ ; 
PRS-1 receivers; , 

-- (within 340-375 seconds ) voltage to the plate circuits of the 
transmitters. 

The system provides independent operation of each of the epansesiver 

channels. : 


- Remote ‘control of the transceiver equipment and regulation and test- Cp 236) 
ing of its operation are done from remote-control panel. PDU-1 in the , 
indicator ventete ; ? | 


Local. aonteok of the transceiver equipment wemuat ion of the operat~ ° 
ing mode of this equipment, and testing of the operations are done from 

| units ShchU-1, PS, PRS~1 and RK, which are installed in the transceiver 
vehicle. : : 


Figure 103 shows the prince ipal circuit diagram for the control, 
testing and protection system. The diagram is divided into zones for: 
the sake of convenience. a | 


Switching from remote control to ‘Local control and back is done 
os with the switch marked sprdyemo- Peres appar. ShchU-1-V2," which has 
/ Ow positions: : 


"DIST" = switch position for remote control; 
"VYKL" = on-switch for transceiver apparatus; 
“NAKAL" = on-switch for filament circuits of transceiver apparatus; © 

"ANOD" = local on-switch for ae circuits of the transceiver ~ 


© : : | apparatus. 
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Fig 103. Circuit Diagram of the Control, Te sting and Protection System 
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® #2 In the "DIST" position, the electrical circuit for the at OM ts. 


is readied for remote switching on and off of the transceiver apparatus 
 andfor remote starting and stopping of electric motor that drives the 
~ rotating ein: Oo 


i 
In the "VYKL" position the power supplied to the automatic portion | 
of the transceiver apparatus is disconnected and its main sections are (p 238) 
shut down. The "NAKAL" and "ANOD" positions provide for local step-by- 
step switching~-on of the apparatus. In the "ANOD" position the apparatus 
- ds turned on completely. . : 


: The ShU-1 V2 ‘switch can be thrown from the "NAKAL" position to the 
"ANOD" position at any time. It can also be set at the "ANOD" position 

- dmmediately. In the latter case, the sequence and time delay of step- 
by-step switching-on of the SpPereeus are guaranteed automatically, : 
as is also.the case in remote control. 5 


t 


Remote Control of the Transceiver Equipment and Monitori its Operation : 


The transceiver equipment can be operated by remote control after 
. the ShU V2 switch has been set at position "DIST". 


The transceiver equipment iS switched on and off from the PDU-1 
remote control panel with switch PDU-1 V 10 "PPA". (All components in: . 
the PDU-1 remote control panel appear.on the schematic diagram without 
the panel number PDU-l prefixed. For example, switch PDU-1 V2 is: given - 
in the diagram only as V2.) - 3% | | 


When the PDU-1 V 10 "PPA" switchisturned on, the automatic process (p 239) 
of switching on the transceiver equipment begins. The process is com- - —. 
pleted only if the contact PDU V19 (zone 19) of the push-button switch 

is'closed; this switch is connected mechanically with the slide of the 

variable rheostat PDU R8 (zone 20) that regulates the 400-cycle genera- 

tor voltage. In this case » the slide of the rheostat must be in a posi-~ 

tion corresponding to a low voltage fed from the 400-cycle generator 

to the plate circuits ofthe transmitter ‘ 













For the sake of convenience » the single automatic process of 
switching on the transceiver equipment is divided into two paris: 
* switching on of the filament circuits and switching on of the plate 
circuits. This division corresponds to the "NAKAL" and "ANOD" switch- 
ing positions. of the ShchU-1 V2 switch (zone 8) in local control. 


Switching on the Filament Circuits: ‘When switch PDU V10 (zone 7) 
is on, the following control circuits are supplied electrical energy; 


the winding of the automatic device ShU-1 Rl-b (zone 7), the winding ae 
of the automatic devices PSL+=R3a to PS6-R3a — 17), all for: ‘the 
ns of PPS1 to oS | | | 50X11 -HUM 
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Blectrical energy is fed to winding ShU-1 Rl-b (zone 7) in steps: | 7 


phase-A voltage 220 volts, 50 cps (zones 1, 2); fuse PDU Pr3 (zone 7); 
switch PDU V1LO; ring 51 of slip-r TK-03; switch ShU-l1 Ve-a; winding 
ShU~1 Rl-b; switch RK V1 (zone 61 ring 73 of slip ring TK~03; phase- 
B, 220 volts, 50 cycles (zones 1, 2). 





Unlike winding SHU-1 Ri~b (zone 7), windings PS-1 to PS-6 (zone 17) (p 240) 
obtain current flowing additionally through fuses PS1-Pr7 to PS6-Pr7 3 . 
‘and switches PS1 V2 to PS6 V2. | 


Automatic devices ShU-1 RL and PS1-R3 to PS6-R3 respond and make 
contact with their contacts ShU-1 Ri-a (zone 7) and PS1-R3-v to PS6-R3-v f 
(zone 22, 23). | 


The closing of the main contacts PS1-R3-v to PS6-R3-v of the auto- 
matic filament controls of the transceiver cabinets PPS guarantees a 
supply of electrical energy to the filament circuits of transmitters PS 
L to PS 6 through transformers PS1-Tr2 to PS6-Tr2 (zone 22) and PS1-TrS 
to PS6-Tr5 (zone 23), as well as to the MI electric motors of PS1 to 
- PS6 (zone 23) for the fans that cool the magnetrons, and to the fila- 
ment Gircuit of receivers PRS-1 to PRS-6 through their filament trans- 
formers » or 


When the electric motors of the fans. reach their required rpm, the 
centrifugal relaysonthe rotor shafts disengage their contacts PS1-R4 
to PS6-R4 (zone 17). : 3 | 


Te "filament-on" indicator lamps are fed from the OK-10 Bl battery , 
through contacts ShU-1 Rl-v (zone 34) and ShU-1 R3-d. At this time, ! 
however, no current passes through lamps ShU-1L LN2 and PDU-LN6, since 
the rectifiers ShU-l and PDU D2 are connected in opposition to the 
battery. The moment the contacts ShU-1 Rl~a (zone 7) are closed, the 
two-phase motor ShU-1 R2-a (zone 8) of the timing relay ShU-1 Re begins 
to run. This relay guarantees the required delay of time and sequence 
of steps in the automatic switching-on of the transceiver equipment. (p 241) 
As relay ShU-1 R2 begins to operate, its electromagnetic coupling ; 
ShU-1 R2-b is likewise activated. : 


The winding of the electromagnetic coupling receives current from 
phases A and B after the main contacts ShU-1 Rl-a (zone 7). Motor 
ShU-1 R2-a (zone 8) is fed through resistances ShU R7, R8, and R9, which 
supply the winding with two voltages (110-v)90 degrees out of phase. 


The secondary contacts PS1 R3-b to PS 6 R3-b (zone 19) of the 
automatic filament controls are activated at the same time as the main 
contacts PSL R3-v to PS6 R3-v (zone 22, 23); the secondary contacts e 
activate the automatic plate controls PS1 Ri to PS6 Rl. 50X1-HUM 


From 30 to 65 seconds after switch PDU V1O (zone 7) and, conse- 
quently, the windings of motor timing relay ShUy1 Rewa (zone 8jare 
activiated, and contact SRU~1 R2-G (zone 1 6h): whic prepares the 
peoeecee circuit of traksinitters PSL to- 36 (zone 17) Por operation, 
is closed. | ~ 160 « | | | 


- 
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eo “ Switching on the Plate Circuits: The plate circuits are oe 
on remotely only in those transciever (PPS) cabinets in which the ; 
switches PDU-1V 12 to PDU-1V 17 (zone 18) are on. | 


Some A 30-165 seconds after the closing of the switching-on circuits 
PPA Via switch PDU-1V10 (zone 7), contact ShU-1 R2-a (zone 18) of the 
motor relay closes the windings of the plate-relays of the receivers-- 
PRS1-Rl-a-PRS6 Rl-a. The windings PRS1:Rl-~a to PRS6 Rl-a are fed via: . : 
phase A, 220 volts, 50 cps (zone 1, 2); fuse PDU PR3 (zone 7); fuse PDU-.. (p 2h2) 
V1O; ring 51 of slip-ring TK-03; fuse ShU-1 V2-v (zone 18); contact — 
ShU-1 R2-d; switches PRS1 Vl to PRS6 Vl; windings PRS1 Pl-a to PRS6 
Plea; rings 46, 48, 50, 52, 54, and 56 of slipring TK-03; switches: PDU - 
V1l2 to PDU V17; fuse PIU Pr2 (zone ‘a phase B voltage, 220 v, 50 cps 
(zones 1, 2). ee | | : 


“aes ‘ 


, & 3 When current has passed through windings PRS1 Rl-a to PRS6 Rl-a 
. ° (gones 18, 19), contacts PRS1 Rl-b to PRS6 Ri-b (zone 22) close, supply- 
: ing voltage to the Trl transformers of the receivers PRS1 to PRS6. 


The plate circuits of the transceiver equipment, which draw current _ 
= from the 400-cps generator (zone 5), can be switched on by turning all 
. the way to the left the knob of rheostat PDU R8 (zone 20) used for . 
remote voltage regulation of the 400-cycle generator (REG. TOKOV MAGNETR.).— 





Some 340-375 sec after the -PPA switch-on circuits.are closed by 
switch PDU V10 (zone 7), contact ShU-1 R@-e (zone 19) excites the wind- © — 
ing of relay ShU-1 R3-v through the circuits: phase A, 220 volts, 50 
eps (zones 1, 2); fuse PDU Pr3 (zone 7); switch PDU V10; ring 51 of 
slip-ring TK-03; switch ShU-1 V2-v (zone 18); contact ShU-1 R2-ye; _ 
eo winding Shu-1 R3-v; switch ShU-1 R2-a (z9ne 19); ring 59 of slip-ring 
TK-3 (zone 19); pushbutton switch PDU V19; fuse PDU Pr2 (zone 7); and ~(p 243) 
voltage phase B, 220 volts, 50 cps (zones 1, 2). When winding ShU-1 | 
R3-v (zone 19) is exicted, its contacts ShU-1 R3-b (zone 19), ShU-l bea 
R3-r and ShU~1 R3-d (z9ne 34) close. ; 




















The windings of the automatic plate controls PS1 Rl-a to PS6 Rl-a 
(zone 18) are fed through contact Shu-1 R3-b (zone 19). om 


The supply circuit for the windings of the PS1 Ri-a to PS6 Rl-a 

automatic plate controls is: voltagephase A, 220 v, 50 cps (z6nes 1, 

2); fuse PDU Pr3 (zone 7); switch PDU V10; ring 51 of slip-ring TK-03 

(zone 7); switch ShU-1 V2-v (zone 18); contact ShU-1 R2-ye; contact 
- ShU-1 R3+b; contact PS1-6 R5-v; winding PS1 Rl-a; contact PS1-6 R3-b; 
| blocking devices PS 1-6KP1 and PS1-6KP2; rings 46, 48, 50, 52, 58, and - 
/ 56 of slip-ring TK-03 (zone 18); switches PDU Vl2 to PDU 17; fuse PDU 

Pr2 (zone 7); and voltage phase B, 220-v, 50 cps (zones 1, 2). | 2 


Contact ShU-1 R3-a (zone 19) blocks the pushbutton switch POOX1-HUM 

V-19. This. blocking is necessary in order that, when the 400-cycle 
: voltage is increased (by turning the kmob of rheostat PDU-1 Rs) from | 
@ 160-170 volts to its rated value of 200 volts, thereby disengaging the : 


- 161 =. 
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contacts of the pushbutton switch PDU V19, there will be no aieencasemcre ae ®@ 
of the winding of relay ShU-1 R3-v (zone 19) and, consequently, no dis- - o 

engagement of the plate circuits of the automatic devices in the PPS 
transceiver cere e : | 





The contacts of switch PDU-1 V-19 are blocked. by contact ShU-1 
R3-a as follows: on one side, contact ShU-1 R3-a (zone 19) is connected 
to winding ShU-1 R3-v directly, whereas pushbutton switch PDU V19 is i 
connected to it vie ring 59 of slip-ring TK-03 and switch ShU-1 V2-d. CS 
On the other side, contact ShU-1 R3-a is connected to voltage Phase DB. | hv 
(220-v, 50 cps; zones 1, 2)through switch RK V1 (zones 6, 7) and ring (p 2s) 

73 of slip-ring TK-03, whereas switch PDU V19 (zone 19) is connected to 
this phase through fuse PDU Pr2 (zone Ta 


Contact ShU-1 R3-a (zone 34) switches the electrical energy of the 
signal lemps LU LN2 (zone 35), ShU-1 IN3, PDU LN5 and FDU LN6, which comes ia 
from battery OK-1051 (zones 32, 34,) to the secondary winding of trans- Ry 
former ShU-1 Tr (zones 32, 33). When this happens, not only lamps ShU-1 ES 
LN3 (zone 35) and PDU LN5, which indicate that the filements are on, 
light up, but also lamps ShU-1 LN2 and PDU IN6, which indicate that the _ 

~ plate voltage is switched on, since the latter lamps are fed from the fe i 
half-wave rectifier circuit. — | 7 


. t 
ee i . om. 


When current has passed through the windings of automatic devices 
PS] Ri-a to PS6 Rl-a (zones 18, 19), their main contacts PS1 Rl-v to 
PS6 Ri-v (zone 26) close thereby supplying 160-170 volts (100 eps) to 
automatic transformersPS1 Tr to PS6 Tr from the generator of unit 
BPL-30 (zone 5) via the contacts of the starter with manual drive AVL 
on VPL-30, rings 70, 72, and 74 of slip-ring TK-03 (zones 6, 7), switch 
RK VL, contacts PS1 Rl-b to PS6 Rl-~b (zone 26), and fuses PS1 Rr3 to 
PS6 Pr3, PSL Pry to PS6 Prt, and PS1 Pr5 to PS6 Pr5. At this time, 
lamps PS1 LNL to PS6 LNI (zone 25) begin to light up, signalling that _ 
the transmitters are receiving plate voltage. (p 2h5).. 


wee” 
* 
he eet a Md 


Voltage is supply from autotransfonmers PSL Tr to PS6 Trt (zones 
25, 26, 27) to the primary windings of the high-voltage transformers 
in VVS (high-voltage rectifier of the transmitters) through switches 
(blocks) PS1 V1 to PS6 Vl. SO 


: ve Bal acta eae et ° Sega 
‘ 4 vee ’ aa me 
‘a >: ty 

wt oe ad ~ - 7 w 


As the main contacts PS1 Rl-v to PS6 Rl-v close, blocking contacts | by 
PSL Rlb-to PS6 (zone 22) open, which disconnects the filaments of the 
magnetrons in sections PS1 to PS6. a :o 


Some 5-10 seconds after contact ShU-1 Re-ye (zone 19) closes, a 
thereby supplying plate voltage, contact ShU-1 Re-v (zone 8) opens; Af 
electric motor ShU-1 R2-a stops, whereas all the transceiver equipment of cas 
remains in the fully on position.. | a , 50X1 -HUM 


ow 
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@ o “ ‘Remote aaeeey of Various Circuits of the Transceiver qu g ees - 


In normal operation of the radar, trigger pulses are fed to the indie > 
cator and to the transceiver equipment from section B3 (zones 9, 10), 
located in’cabinet ZN-F1l of vehicle No 2. | 


During this time, the shaping circuit of section ABZ (emergency 


en. triggering unit) in the ShU-1 cabinet is in the condition, "warmed-up ee yf 
4; standby" (its load circuit is interrupted by ‘the contacts of the trigger-. .  / 
* gwitching relay in unit ABZ). | a j 


| If, for any reason at all, the feeding of trigger pulses from the | (p 246) 
- ABZ unit in cabinet ZN-Fl (master voltage cabinet) to the transceiver | es 
| equipment is interrupted, the transceiver continues to operate, since | 
the trigger circuit of the transceiver equipment is fed automatically 
Lfrom the ABZ unit in cabinet ontnes 


If. unit ABZ is removed,or neti iy: removed, from cabinet ShU-1, 
then the trigger circuit of "the transceiver apparatus remains connected 
only to the BZ unit of cabinet ZN-F1l (master voltage), since the contacts 
of pushbutton-switch ShU-1 Vl are closed when the ABZ unit, is removed 

(they ave open during normal operation | of the radar). 


In order that plate voltage be supplied to cabinet ZN-Fl when the BZ, 
' °. unit is withdrawn or partially pulled aut, the circuitry provides an 

- interruption of | current fed to cabinet ZN-Fl, opening the filament 

: circuit of the automatic device Located in oe UPT-1 of this cabinet. 


| The operating principle of the power es sient for automatic 
. trigger switching and for the ABZ (emergency triggering) unit are een 
| in the description of unit ABZ. 


For the remote gain control circuits of all the receivers, a voltage 
of -150 volts from the BP-150 unit in DUS-1 remote control cabin (zone 13) 
is fed to the PDU-1 ide Soa dividers, which consist of resistors PDU 
16) to POU R 17 (zones 8 » 9) and potentiometers | PDU R1 to PDU R 6 (zone 
1é e : : | 


_ The remote gain control for receivers PRS 1 to PRS 6 is provided _(p 247) 

. by potentiometers PDU R1 to PDU R6 (zone 10). | | 
* 

: % _ Whe remote control circuits of the MARU (instantaneous automatic 

, gain control) end differentiating relays are fed a voltage. from selenium 
| _ rectifier PDU-1 Dl (zones 26, 27), which is connected to the 220-volt, 
 f - . . §5Qeeyele network through transformer PDU<1 Trl. Switches PDU-1 v2, 4, | 
". and 6 (zone 23) turn the MARU-relay of the PRS-1 receivers to channele a * 





one and four; the second switch (PDU-1 Vi) connects to channels two and 
|  . |: five; and the third switch (PDU-1 V6) connects to channels three 90X1-HUM | 
|‘. ..., Haeh of the PRS-1 receivers has three MARU-relays (UPCh R1 in zone 2h; | 
e : peraliel UPCh R3 in zone 24), the —— of which are connected in - ~ 
| a pen Cle aan 
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Switches PDU-1 Vl, 3, and 5 (zone 22) ave used to engage and dis- 
engage the differentiating relays PRS1 APCh R1.to PRS6 APCh Rl (zone, 22) 
in the PRS-1L receivers. The first of these relays connects to channels ~ 
one and four; the second connects to channels two and five; and the third 
relay connects to channels three and six. : ; of 


Local Control of the Transceiver Equipment 


XQ - 

The transceiver equipment can be switched on from the panel of 
cabinet ShU-1 in the transceiver vehicle in-:two different ways, either 
first the channel then the plate voltage, or both together. 


The entire transceiver installation cante switched on at once by (p 248) 
throwing switch ShU-1 V2 (zones 8, 18, 19, 20, 29) from the "VYKL" posi- 
tion to the "ANOD" position. | 


Here the process of switching on the equipment automatically is 
completely analogous to the direct process that takes place during remote 
switching-on of the transceiver apparatus. 


. Local Switching-on of the Filament Circuits: The filament circuits 
in the transceiver are switched on locally by throwing switch ShU-1 Ve 
_ from the "VYKL" position to the "NAKAL" position. 


Here, in addition to the operations performed by the automatic 
components in the remote control situation (see "Switching-On the Fila- 
ment Circuits"), contacts ShU-1 R2-d (zone 19) and ShU-1 R2-ye (zone 19) ~ 
close, and contact ShU-1 R2-v (zone 8) opens. The closing of contacts : 
ShU-1 R@-d and ShU-1 R2-ye does not cause the. plate relays and auto- 
matic devices to disengage, since their circuit is interrupted when 
switch ShU-1 V2-v (zones 18, 19) is in the “NAKAL" position. The open-- 
ing of contact ShU-1 R2-v (zone 8) causes the interruption of the ShU-1 
R2-a circuit of the motor timing relay, which stops the motor. All - 
the contacts of motor timing relay ShU~-1l R2, as well as ShU-1 Re-v, 
remain closed. | 


The filament circuits of the transceiver equipment may remain 
closéd for any length of time. 


Local Switching-On of the Plate Circuits: The plate circuits of (p 249) 
the transceiver equipment must be switched on separately at each trans-. | 
ceiver; this is done by throwing switch ShU-1 V2 (zones 8, 18, 19, 20, : 
and 29) from the "NAKAL" position to the "ANOD" position. A ie 

| 50X1-HUM 
After the transceiver apparatus has been on "NAKAL" (filament) p 
for more than 375 seconds, the plate circuits of the transmitters and 
receivers should be switched on immediately after setting switch SbhU-1 


to position "ANOD." However, switching-on of the plate circuits of the 
~ 164 = | 





. 
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PS transmitters [will not occur] if the knob of the voltage cont00X1-HUM 


rheostat of the 400-cycle generator ShU-1 R8 (zone 20) is not turned all 


the way to the left. This extreme position of the knob corresponds to 
the 400-cycle generator voltage of 167-170 volts and to the closed posi- 
| t4on of thé contact of the pushbutton switch Shu-1 V 19 (zone 19). 


The instantaneous switching-on of the plate circuits of the trans- 
ceiver equipment immediately after setting the ShU-1 V2 switch to the 
"ANOD" position is guaranteed by the previous functioning of the auto- 
matic components. | | : | 


Local Control of Various Transceiver Circuits — (p 250) 


In case of necessity, the 50 and 400-cycle power circuits can be ~~ 
cut off by switch RK V1 (zone 6). ; 


Complete cutoff of the transceiver equipment requires the sdditional | 
disconnecting of the Sh6 plug in cable box No 2 of vehicle No 1, or 
disconnecting vehicles No 1 and No 2 at the power source. 


The appropriate switch among switches PS1 Ve to PS6 v2 (zones 16, 


| 17) which interrupts one of the PSl R3-a to PS6 R3a windings and one of 


the PS1 Pr7 to PS6 Pr7 motor protecting fuses, may be used to shut down’ 
one (or several) of the PPS transceivers (the-others remaining in opera- 
tion). apo : | ‘i 
When the circuit of one of the windings PSL R3-a to PS6 R3-a is 
interrupted, contacts PS1 R3-b to PS6 R3-b (zone 19) and PS1 R3-v to 


PSE R3-v (zone 23) open. Contacts PS1 R3-v to PS6 R3-v disconnect the 
“ odreuit that feeds the 220-v 50-cps voltage to the apparatus of a given 


cabinet. ‘When a contact PSL R3-b to PS6 R3-b (zone 19) “is interrupted, 


the circuit feeding a PS1 Rl-a to PS6 Rl-a winding is interrupted. — . 


As a result, contacts PSl Rl-b to PS6 Rl-b (zone 22) close, and 
contacts PSL Rl-g to PS6 Rl-g (zones 25, 27, 27) open; .consequently the . 


| supply of the 400-cps power is interrupted. 


The cabinet is completely disconnected. After. some time, an 


electric motor PS1 Ml to PS6 M1 (zone 23) of the fan in the particilar 


cabinet stops and its centrifugal relay PSL Ri to PS6 R¥ (zone 17) 
closes its contacts; but the fuse PSL Pr7 to PS6 Pr7 (zone 17) does not | 
burn out, since the switch PS1 V2 to PS6 V2 (zone216) is off. | | (p 251) . 


The plate voltage of any of the receivers is cut off by. its parti- 
ing PRSL Rl-a to PRS6 Rl-a. ‘The contacts PRSL Rl-b to PRS6 R1-b (gene 
22) of this relay disconnect the rectifier supply circuit in the50X1-HUM 
receiver. No local control is provided ‘Por “the! MARU-relays nor for | 
the differentiating relays in the FRS-1 receivers. 


o 065s 
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Checking Transceiver Operation ear 


Among the factors that decide the operating mode of the transceiver 
equipment are the 50-cps and lo0-cps three-phase voltages, which are 
consequently checked both locally and remotely in the indicator vehicle. 


| The voltages are checked remotely in the indicator vehicle by volt- 
meter PDU-1 IP~7 (zone 3) with switch PDU-1 V7, and are checked locally 
in the transceiver vehicle by voltmeter ShU-1 IP1 (zone 20) with switch 
ShU~1 vi (zone 20). 


The control values for the operation of the PS1 to PS6 transmitters 
“themselves are the plate currents of the magnetrons, which are check by 
milliemmeters PS1 IP] to PS6 IPl (zone 26),PDU-1 IPl to PDU-1 IPO. 


In addition, the operation of the transceiver equipment is monitored (p 252) 
with the following signal lamps: | 


— ShU-1 LN3 (zone 35) and PDU LNS5, which indicate whether the 
PPA filament circuits are on; , | 


— ShU-1 LN@ and POU LN6, which indicate whether the plate 
voltage is being supplied to the PPS cabinets (check on 50-cps circuits); 


x — PS1+6 LN (zone 25), which indicate whether plate voltage 
is — supplied to transmitters PS1 to PS6 (check on the 400-cps cir- 
cuits); : ‘ | 


—: ShU-1 LNL (zone 35) and PDU LN4 (zone 36) which indicate 
breakdown of transmitters PS1 to PS6; . 


— ShU-1 LNL, ShU-1 LN2 and ShU-1 LN3 (zone 9), which indicate 
fuse failures in the 220-volt, 50 cps supply circuits to units ABZ and - 
FD-02. 


Operation of the Protective Equipment of the Transceiver 


The 50-cps three-phase power circuits at the input of the PPS 
cabinets are protected from overloads by the thermal protection of the 
PSL R3 to PS6 R3 automatic controls (zone 23) and from short circuiting 
by the overload protection of these same controls. 


The 400-cps three-phase power circuits at tle input of cabinets PPS1-PPS6 
are protected from shortecircuiting (hever less than double protection) ; 
by safety fuses PPS 1-6 Pr-35 (zones 25, 26, 27), and from overloads (pp 253) 
by the termal protection of the R1 (zone 26) automatic controls. 50X14 -HUM/ 


The PS transmitters 146 have special protective circuits against 
continuous sparking of the magnetrons, overloading of the high-voltage 
rectifier VVS, and the absence of cooling air supplied to the magnetrons. 
These protective circuits operate follows: — : 

; ; ina 1 Pes 


—_ 





| 
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. a , | | | _50X1-HUM 
e _ When ‘breakdown occurs in any of the transmitters PS1 to PSO, sa. 
+ ‘the corresponding contact (depending on the type of breakdown) [of 


relays] PS 1 R2-b to PS6 R2-b (zone 17) or PS1 R4 to PS6 R4 is closed. 


THe contact PSL R2-b to PS6 R2-b of the particular réley closes — 
when there is continuous sparking of the magnetron, or when the high- ; 
. voltage rectifier is overloaded. 


A delayed response of the relay is necessary so that the trans~- _ 
mitter will not shut off during a brief, weak sparking of the magnetron. — 
‘The contact of centrifugal relays PS1 R2 to PS6 R4 (zone 17) closes when _ 
the rpm drops or the motor of the electric fan cooling the magnetron 
stops. 4 | ; 3 


_.[ + When there is an extended period of sparking by the magnetron in 
any of the transmitters PS1 to PS6, the relay is forced to respond once 
_ the current in winding PS1 R2-a to PS6 R2=-a (zone 17) reaches a certain 
Value. : ‘ws 


The R2-b contact of PS1 to PS6 closes the circuit of the PS (B-Zh) ! 

_ R-5a winding of the relay protecting the PS transmitter (B - Zh). The ., { 
.. PS (B = Zh) R5-a winding (zone 18) is fed ty phase A voltage (220 volts, °° se 

50 eps) (zone 4); through fuse PDU-1-PR3 (zone 7), switch PDU~1 V10, .(p 254) 


ring 51 of slip-ring TK°03, switch ShU-1 V2-a, winding Ps (B - Zh) R5-a 
(zone 18), contact PS (B+Zh) R2-b (zone 18), blocking devices PS (B - Zh) 
Kp 1 and Kp 2 (zone 18), rings 46, 47, 48, 50, 52, and 54 of slip-ring © 
TK-03, switch PDU-lb 12-17, fuse PDU-l Pr 2, and voltage phase B (220 
volts, 50 cps;.zone 4). The passage of current in winding PS (B+ Zh) 
R5-a causes the corresponding relay PS (B+ Zh)RS tooperate, breaking 
contacts PS (B-+ Zh) R5-b. 3 


| _ Whe PS (B = Zh) R5-v contact (zone 19) interrupts the circuit of te 
the PS (B +.Zh) Rl-a winding of the automatic plate control. This causes... ~ 
contacts PS (B-+ Zh) Rl-v (zone 26) to open and contacts PS (B= Zh) Rl-b 
(zone 22) to close. The first of these contacts shuts off the plate cir- 
cuit of the transmitter, and the second contact closes the filament cir- _ 
cuit of the magnetrons in the PS (B «.Zh) units. During this operation, 
the power supply to the transmitter plate circuits is cut off. | 
: Contact PS (B + Zh) R5-g (zone 34) closes the circuit of the break- 
- dowm signalling lemps ShU-1 LNL (zone 35) and PDU-1 LN-4 (zone 36), which 
ere connected in parallel. | | oe | 


.  - When the magnetron-cooling-fan motor stops, the protective circuit 
/ _ for the PS (B < 7h) transmitters: operates differently than when there is 
: continuous sparking of the magnetron, i.e., when the contacts.of the . | 
centrifugal relay PS (B <= Zh) (zone 17) close, the current passes through © 
| the following circuite: fe a 3 | 


ge . . ‘ ‘4 
~~» . . . . 


a |-y ee 





50X1-HUM 
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50X1-HUM 
phase A (225-v, 50 cps; zones 3, 4), switch PDU-1 Pr3 (zone 7), (p 255) 
ring 51 of slip-ring TKO3, switch ShUs1 Vea, fuse Ps (B+ Zh) Pr 7, | | 
contact PS (B + Zh) R4, switch PS (B+ vh) V2 (zone 17), pushbutton PS 
(B+ Zh) Kl, resistor PS (B + Zh) R12, R13, contacts ShU-1 R2-g, switch 
RK-VL, ring 73 of slip-ring TK-03, and phase V (220-v, 50 cps). Fuse 
PS (B = Zh) Pr7 melts; the PS (B + Zh) R3-a winding of the automatic con- 
trol disconnects; the automatic control is switched off, cutting off the 
220 volts (50 eps) from the power networks of unit PS (B 4 Zh). 





The interruption of the contacts PS (B = R3-b entails the 
interruption of the automatic control Ps (B + Zh) Rl-a and the discon- 
nection of the 220-volt 400-eps power. When.the automatic control PS 

(B = Zh) R3-a shuts off, the Ps (B-£ Zh) R3-v contacts close, and the ,220- 
volt, 50-cycle phase B voltage is fed to the winding of relay PS (B = Zh) 
R5-a. Relay PS (B = Zh) R5 operates; contacts PS (B = Zh) R5-g close 
and 12 volts from transformer ShU-1 Tr are fed to the breakdown signal- 
Ling lamps (ShU-1 LN1, PDU-1 LN+). 


eflecile 


The doors of the PPS cabinets have electrical cutoffs for sefety 
—.. @uring operation with high voltages. 


Remote Reclosing of the Plate Circuits of the PPS (B = Zh 


When there is a breakdown in the plate circuits, the filament cir- 
cuits remain on,and cooling of the transmitter continues; this affords 
the possibility of reclosing the circuits any time after the emergency 
relay PS (B - Zh) R5 operates. 


Remote reclosing of the plate circuits is done by first throwing | (p 256) 
the toggle switch PDU-1 V12-17 to the off position and then on again, 
after first reducing the current in the magnetrons to minimum. 


: When the toggle switch is off, the circuit that feeds relay PS 
(B = Zh) R5 is deactivated, thereby: | 


a) interrupting contatts PS (B : Zh) R5-g, which removes the 
emergency signal; . 


b) closing contacts PS (B = Zh) R5-v, which prepares the circuit 
for closing the automatic plate control; 


c) interrupting contacts PS (B > Zh) R5-b, which clears the 
automatically blocked relay. 





When toggle switch PDU-1 V12-17 is subsequently throw to the — ‘ 
on position, the plate circuit is reclosed as described above. 90X1-HUM 


i 
\- 
: | 
i 
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@ oo . | ) | ~ 50X1-HUM © " . 
There are three cases when any one of the transmitters can be re~- : 
‘activated by remote control: | : 


Case 4 After reactivation, the emergency signal goes off and magne-. 
tron current (in the PDU unit) appears. The reasons for this breakdown ~ 
could have been: an incidental brief sparking of the magnetron; an inci- 
dental’. brief spark-over in the waveguide; a brie? " sparking" of the thyra- 

tron; a brief surge in the voltage supply circuit; a brief change in the 
trigger pulse repetition rate. 


Case 2. The emergency signal goes off when the toggle switch is 
thrown to the off position but comes back on when the toggle switch is 
thrown to the on position. When the toggle switch is thrown on, the mag~ . 
netron current appears and then disappears. The cause here could be @ 
persistent sparking of the magnetron, thyratron, pulse transformer or  (p 257) 
‘charging line. “3 


Case 3. The emergency signal does not go off when the toggle switch 
is thrown to the off position. The breakdown in this case is due to 
~ a failure in the filament circuit and transmitter-cooling fan circuit, 
thereby : . | 


ad 


a) stopping the motor of the fan that cools the magnetron; 


b) disconnecting the automatic control PS (B= Zh) R3 as @ ’ 
result of a failure or of the tripping of the overload trelay] ‘ _ _ ] | 


If the toggle switch is thrown off and on a couple of times without ao 
reclosing the plate circuits, the PPK (v-transceiver] must be shut down x 
end the reason for the failure investigated, or the toggle switch PDU-1 

V 12 to POU-1 VI7 of the faulty~ transmitter must be switched off. Here 

(when the breakdown is in the plate circuits) the emergency signal from 

the particular transmitter will die out,and the signalling devices (break- 

down lemp) may produce a signal when there is a breakdown in any one of 

the other transmitters. | . . 5 


Local-Reclosing of a Plate Circuit 


a) The plate-circuit cabinet is automatically hooked up when the 
door is ppened and then closed, i.e., when'the blocking-mechanisms PS 
(B - Zh) Kpl and Kp2 are temporarily interrupted. — 


| | co b) All the cabinets are immediately reconnected when: che, mode 
| switch ShU-1 V2 is successively thrown to the positions “ANOD=NAKAL-ANOD".  «* 


| The local reclosing process is analogous to remote closing SOX1-HUM 
as the manipulation of thetoggle switch PDU-1 Vie~-17 is concerned. | 
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The | 400-Cycle Voltage Generator System S0X1 -HUM8) © 


The system for regulating the voltage of the 400~-cps generator is 
designed to guarantee remote adjustment of this frequency during auto~ 
matic control. | | 


The components of the voltage regulating system are Pound in the 
PDU-1 unit, the ShU-l cabinet (both zone 20) and in the high-frequency 
unit VPL-30 (zones 3-5). The Schematic circuit diagram of the VPL-30 
unit provides a manual and automatic control of the 400-cps voltage and 
@ local adjustment of the 400-cps voltage during automatic control. 





| The control, testing and protective system of the radar is designed i 
for automatic regulation of the 400-cps voltage with remote control | 
(adjustment-setting) of its level. 


The PDU R8 and ShU-1 R6 remote voltage regulating rheostats and the 
current-Limiting resistor ShU-l1 R5 are connected in parallel with the 
resistance of the VPL-30 unit (zone 4). Such an arrangment allows a 
change of the voltage level within the limits of 160 ~- 2]5 volts. 





The 400-cps. voltage can be regulated at different times with two | 
rheostats ShU-1 R6 and PDU R8, which are located in the transceiver - 
vehicle and indicator vehicle and are controlled by switch ShU-1 Ve-g. (p 259) 
When this switch is thrown to the "DIST" (remote control) position, : 

the vdltage level can be controlled remotely from the PDU~1 remote con- 
trol panel. : 


In the other three positions of this switch ("VYKL," "NAKAL" and 
"ANOD"), the 400-cps voltage level can be controlled remotely from the 
ShU-1 control cabinet. | | | 


System for Controlling and Protecting the Cabin Drive 


The system that controls and protects the electric motor that rotates 
the transceiver cabin provides: | 





~~ local and remote on and off switching of the electric motor; 

-- rotation of the cabin at 3 rpm at 720 rpm motor speed; 

-- rotation of the cabin at 6 rpm at 1,410 rpm motor speed; 

«= warning sound signal prior to rotation of the cabin; 

~«- protection of the power circuits and control circuits for 
the electric motor from short-circuiting and appreciable 
overloads; : 

-- interruption of the power supply to the electric motor of é 
the cabin drive during manual operation, as well as when the 
cabin lock is up (locked). | 90X1-HUM 
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A schematic circuit diagram of the system that controls and protects (p 260) 


- the electric.motor cabin drive is shown in,zones 27-31 in Figure 103. ff 





‘The ord-M. electric motor (zone 31) can be switched on and off, 
.. yegardless of whether the transceiver equipment is on or off. 


The electric motor that rotates the cabin is turned on and off by i 
means of the PDU VI1 (zones 28, 29) switch, marked “VRASHCHENIYE KABINY” | .. 


(rotation of cabin), which has three positions: "VYKL." MZ0p", and "Gow 


ob" (on, "3 rpm’, and "6: rpm"). The ShU-1 V6 (zone 29) switch used 
for local control of motor-rym ..: has these same positions. 


“The POU V1l and ShU-1 V6 switches can be thrown from the “on" posi- 
tion to the "3 rpm" position by merely depressing either of the push- 
buttons PDU V18 or ShU-1 V7. | 


Starting the Cabin-Rotating Motor 


So In order for the PDU Vll switch to be thrown from the off position — | 
_ to the position "3 rpm", the PDU V18 pushbutton switch (zone:28), which ©“. 
: is coupled to it, must be depressed; this supplies power to the OK 5 Trl 
(zone 28) transformer. The current in the primary winding of this trans- | 
former passes from voltage phase A (220-v, 50 cps; zones 1, 2) through a ale 
fuse PDU Pr2 (zone 7), pushbutton switch PDU V18 (zone 28), ring 55 of 
the TK-03 slip-ring, switch RK Vl (zone 6), ring 73 of the TK-03 slip- 
ring, to voltage phase B (50 cps, 220-v;:zones.1, 2). | 


At this time the OK 5 Ul (zone 28) warning sound signal operates. _ ..(p 261) 


When the PDU V1 (zone 29) switch is in the "3 rpm" position, - 
power is supplied from voltage phase A to the winding of the ShU-1l | a © 
R10-b relay (zones 28, 29), and flows from,there through fuse PDU Pr3 
(zone 7) switch PDU V11 (zone 29} , ring 53 of the TK-03 slip-ring, switch 
ShU-1 V2-ye (zone 29), blocking [capacitors] OK 3 Kpl and OK 4 Kpl, the 
normally closed contact of the OK2'R1l relay, the relay winding ShU-1 
R1O-b,. the normally closed contact of relay ShU-1 R13 (zone 29), switch 
RK VL, ring 73 of the TK-03 slip-ring, and:to the phase B. voltage (220-v, 

- 50 eps; zones 1, 2). | | OF 


~ 


ai The automatic [relay] ShU-1 R10 operates, breaking its contacts ShU-1 
- | RLO=v (zone 29); contacts ShU-1 R1O-a (zones 28, 29) are reversed, and the 
ShU-1 RLO-g contacts (zone 30) close. The ShU-1 R10-v contact (zone 29) © 
is is a blocking contact, which prevents the switching-on of automatic = 
: [relays] ShU-1 R12 and ShU-1R13 when the ShU-1 R1O is .at position "3 . > 
‘i te me oe tee een ¢ Wisp oe te te te Mae et pea 
ae a ‘age | | 50X1-HUM ° 
-1n- poe 
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Mie closing of contacts ShU-1L R1LO-7 ( zone 30) connects the windings 
oe ‘ 4 <:) te . ~ San ohry as ; : ; 
of the ONL electric notor (zone 31), wnich is connected in a delta net= | + 


wori:, to the 220-volt, 5Q-cps power supply; then the electric niotor pe gins 
ony : : 7 , 
to rotate the cabin of the transceiver vehicle. 


t ie i £ 550-650 rpm a 
When the rotor of the electric motor reaches a speed of 55 C 7 . | 
the contact of the mechanical (centrifugal) relay OK2 R1 (zone 29) is (p 262} 
reversed, allowing the circuit of the automatic "6 rpm” relay windings : 
ShU-L RL2-b and ShU-1 R13-b (zone 29) to be closed. — | - | 


Oe te ae epee eee ee ee 


tp the cabin-rotating switch, "VRASHCHENIYE KABINY", is prematurely — . 
throw from position "3 rp to position "6 rpa" before the motox has Be 
attoined sufficient speed, the motor will die out. If the switch is = e 
throw immediately to "6 rpu", the motor will not turn on. : a 


When the switch is throw from 3 rma to 6 rpm, the ShU-1 Rle-b : : 
and ShU-1 R13-b windings (zone 29) of the automatic 6 rpm control are 
not able to close the OK2 Rl contact (zone 29). At the same tine, both 
ends of the ShU-1 R10-b winding of the automatic 3 rpm control are con- 
nected to the same phase B, i.e., to points of equal potential. 


. 
When the switch is throm from 3-rpm to 6-rpm after the reversol 

of contact O2 RL (zone 29), the automatic 3 rpm control [relay] Siud-1 | 
 R1LO is deactivated, and the automatic 6-rpn releys ShU-1 R12 and R13; 3 
whose windings are connected in parallel, are activated. 

| i 

When these R1L2 and R13 relays operate, contact ShU=1 RL3a (zone 29) = | 
opens, and contacts ShU-1 R12a (zone 29), R1L2-v (zone 30) and R13-v - | 
\zone 31) close. | a i 


‘Contact ShU-1 Ri3a (zone 29) of the mutual blocking device of the (p 263) : 
automatic 6-rpn and 3-rpm relays opens the circuit of the ShU-1 R10O-b : 
winding (zone 28) of the automatic 3-rpm relay. | 


r tacts or 
Contact ShU-1 Rl2-a (zone 29) blocks the normallyopen con } 
relay OK2 R1 (zone 29), and the main contacts ShU-1 R1L2-v (zone 30) of 
the automatic 6-rpm relay ShU-1 R 12 switch the windings of the Ox 1 ML. 
electric motor (zone 31) from the delta to the double-star network. . ow 


The main contacts ShU-1 RL3-v of the automatic 6-rpm relay connect 
the windings of the OK 1 ML electric motor to the 220-volt » 50~cycle 
network. The electric motor that drives the cabin increases speed until 
it reaches the operating speed to rotate the cabin at 6 rpm. 


ontrol of the system is similar to that described above. 
~— ° 7 — 90X1-HUM 
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| ewe _ Protection of the Electric Motor 4% 


The protection of the power circuits of the motor from shorting and 
overloading is guaranteed by the overload and thermal protection of the 
automatic J-rym control ShU-1 V1O and of the automatic 6-rpm relay ShU-1. 
R13. 


A reciprocal blocking arrangement in the control circuits of the © | 
automatic 3-rpm and 6-rpn [relays], consisting of contacts ShU-1 R10-v 
(zone 29) and ShU-1 R13-a (zone 29), prevents the possibility of the 
two ‘Bpects being turned on at the same time. 


The safety fuses that protect the control circuits of the trans- a 
ceiver equipment are wed to protect the control circuits of the electric (p 264) 
motor that rotates the cabin from shorting and appreciable overloads. . 


The manual-drive blocking contacts 0K3 KPL are connected to the 
control circuit of the cabin-rotating motor in order to guarantee safe 
operation of the manual cabin-rotating drive. In series with these 
contacts is a cabin-lock cutoff OK4+ PKL, which cuts off the electric 

~ motor when the cabin is braked (or stuck) . | 


In order for the cabin-lock cutoff? to ‘Qperate properly, the lock 
rods must be all the way in the socket. 


Control, Testing and Protection of the Antenna-Elevating 


Mechanisms 


| The system for controlling » testing and eee the antenna-ele~. 
vating mechanisms ‘provides: | ps 


- remote switching-o6n, switching-atf and reversing of the electric | 
motors that drive the antenna-elevating mechanisms (horizontal onda...) che 
slant antennas separately); 














-— mechanical disconnection of the electric motors of each of the 
antennas when the latter reach their limiting positions;. 


— mechanical elevation of the antennas by manual drive; 


— remote monitoring of the angle of elevation of the antennas 
(horizontal and slant antennas separtely); 


| | om protection of the electrical cireuits of the motor and selsyns. 


» 


A; schematic circuit diagram of the speci for controlling, té59x4_-HUMP 265) 
ing and protecting the entenna-elewating mechanisms is shown in zones . 
30-35. : : : : ‘ | . = 


@ 7 2 F ap. 
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50X1-HUM > 
Remote eoeeeen and monitoring are done from the PDU-l- remote control - F 
panel and the UNI and UNP voltage-regulation units. 


elevating the horizontal antenna and the system for elevating the slant 


This system consists of two systems similar in type (the system for E 
antenna), the elements of which differ in design only very slightly. 


Controlling the Electric Motors of the Antenna-Elevating Mechanisms 


The MKl Ml motor (zone 31) of the mechanism that elevates the hori-— 
zontal antenna is switched remotely (on, off, reverse) by switch PDU V8, 
which has three positions: "VERKH" (high), "NIZ" (low) end a third cen- 
tral position at which the motor is disconnected. 


The switch automatically moves fromthe extreme positions to the 
center off position. 

The MKl ML motor can also be switched remotely (on, off, reverse) - 
from the UNL antenna-rocking control unit by means of switch UN1 V1 Fas 
30-31) » which also has the same three positions. | 


An euaiaeone switch PDU V9 (zone 32) controls the MKL ML. motor = (p 266) 
(zone 32) of the slant-antenna elevating mechanism from the PDU-1 unit, | 
and switch UNP1 (zone 32) controls the mechanism from the slant~antenna - 
rocking control unit UNP. 


The UNP V1 (zone 32) switch also returns automatically to the center 
(off) position from the extreme positions. The PDU-1, UN] and UNP units 
control the antenna elevating mechanisms in separate (not conbined) opera- | 
tion only. | 





The design and principle of operation of the aneene elevating mechen- 
isms are described in CHAPTER ELEVEN. 


Remote Monitoring of the Elevation Angles of the Antennas 


The elevation angle of each antenna is checked by the corresponding 
selsyn generators. | 


The angle of elevation of the horizontal antenna is read from the 
dials of the receiving selsyn PDU ML (zone 33) and UN1 Ml (zone 34), and 
the angle of elevation of the slant antenna is read from the dials of 
the PDU Me and UNP ML receiving selsyn. . 


Oe Rae A ee ate I em oe 


110 volts from the PDU Trl transformer (zone es is fed to the 90X1-HUM 
excitation windings of the ReCeENONe selsyn. 


oe ee re ee eg ee pra 


cd 


110 volts from the ShU-1 Tri transformer (zone 33) is fed to the | : 
excitation windings of the SD1 M1. (zone..33) and SDP M1 (zone 35) trans-~ (p 267) 
mitting ial through oe fuse ShU-1 Pr6 (zones 32, 33). ss 

3 2, 174 ee 





ET PT ee Ener ame OS PROS EBT rete cee OS een Bran ear ens are ere rig ee PTE. A LSS SE ee TT eer om Perry ee = rh 
Fee ens j of Se ge EE Oe OT ROL eee at Bt a smear’ t * OT EERE OEE Sere roe ae ad eee ge ee “ Ee gE ee eee eT er eS er er ter Tere TT pT arzt re LE TS er CNT 
' 4 5 i 3 a RA : 3. aN fonts os . ad 63 “4 . Wey DAE covee T. rT . n go th ee ENE “8 oy Lee one sere OFS tig Dera > Sy a See or oe 
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@ 2 | Circuit Protection ay ae ee 
Ps The electric motors of the elevating mechanisms are protected from 

~ overloads by the thermal protection of the automatic ShU-1 R14 (zone Pa 

and ShU-1 K15 (zones 32, 33) relays, and are protected from short- 
Cs circuiting by the overload prcvecyeen = the same automatic relays. — 


ng. Safety fuses protect the selsyn circuits from shorting and from 
_ extreme No ae 


syenen For Controlling and Protecting Transceiver Accessories . 


The system for controlling and protecting the ene devices for 
the transceiver equipment: 


m=« connects all external clggtrical circuits with the rotating cabin; 
‘—, switches. the 50-cps.and 400-cps three-phase. power. networks. on .and:.off; 
— switches the Light bulbs in the transceiver cabin on and off (p 268) 


‘locally, and switches them from the regular operating power to emergency . 
_ ‘power; 
~ -— switches the rotating-cabin exhaust fans and electric... aleve 
' on caad off; 
—~ switches the same exhaust fans and electric nearer from regular 
‘power to external power. during repairs; i 
/ = gwitches on the measuring instruments; 
— switches on the portable lights and soldering irons; 
: — protects the 50 and 400-cps power networks for the illumination, | 
electric fans, electric heaters and plug and jack assemblies; 
= protects against a ; 


“he components of this sete of anaiiery control and protection 
are shown in the schematic circuit diagram of the system for controlling, ~ 
checking and protecting the radar. 


The rings of slip-ring TK-03 (zones 6=36) connect up all the external 
os électrical circuits with the rotating cabin. 


Switch RK V1 (zones 6, 7) switches the 50-cps and 400-cps power net= 
works on and off locally. 


Local switching-on, ewitching-off and reversing from regular to « 

emergency power of the OK7 EN1 (zone 4 OK8 LNL and OK12 LN1 cabin 
_° Lights is done by the ShU-1 V7 (zone 33) switch, marked OSVESHCHENIYE 
: - (illumination), which has three positions:. SET' (network), VYKL (of Oe 44. ee 
4 Of and AKKUM (battery). Under ordinary conditions, the illumination lamps (p 269) 

| are connected up to the aon lad network through ¢ transi ormer ShU-1 Pie a? 

tra} —: 33). 
50X11 -HUM 


. 4 cs! a , 
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Three OKLO batteries connected in series (zone 34) are used as an -- 
emergency power source for illumination. 


The automatic [relays] ShU-1 R16 (zones 36, 37) and ShUl R17 (zones 
37, 38) provide local switching of the OK5 ML (zone 36) and OK 6 M1 
. (zone 37) electric motors of the cabin exhaust fans, and also provide 
protection against overloading and shorting. Switch ShU-1 V8, marked 
OBOGREV KABINY (cabin heating), turns the OK9 electric heaters (zones 
38, 39) on and off. 





Switch RK V2 (zones 37, 38), which has the three positions, VNUTR | 
(internal), VYKL (off) and VNESHN (external), switches the cabin fan 
motors and electric heaters from the internal power network to the | 


external. 


Sockets of the ShU-1 and PPS cabinets on the IX-03 slip-ring RK 
distributor box and in the KK-3 cable box on the outside wall of the 
rotating cabin are used to connect up the measuring instruments, porte 
able lights and soldering irons. These sockets are supplied with 220 


volts, 50 cps. 


: On the ShU-1 cabinet are sockets with 12-volt AC-DC power, connected 
to the cabin-lighting circuit, which supply power to the low-voltage 
lamps and soldering irons. 


The 220-volt, 50-cps power networks are protected from overloads . Pode as 
and short-circuiting by automatic devices [relays] in the correspond- | (p 270) 
ing units. | - 


The 200-volt, 400-cps, power networks are protected from overloads 
and shorting by the VPL-30 AV 1 (zone 5) starter and safety fuses in 
the PS transmitters 1 - 6. oe 4 


ree . ee 7 Tere ane rrr rT ST eS Pic ee eee Pe rs re rer ee ere n “ . Se PI 
SE TE cS I TT RE en Se IAT Ra ag NETO EGET BE Eg AR ERR TE care Se See 
- ee ee wee a tye be re ge te ee eater agit ae Sa Pet eee SOT ee ote te - a Teaoee SSayte er tS : / 
a‘ dru Wsarse pied ant gs te a ‘ Ts wb A te : ; “5 Sh eA 7 A Se ae pe eS. soa here PE Ae Ba i , Fs ti 
or am ep wn npg Da nae a a nay ar A aN A bee lh Sp nity ire ttn. — et oes joan : sist, 02 ee! ang SE a eit J 7 . : se, 
a a oe A A Et UE ry rae aire plan eaten a in aR feEy yet. . 
= 7 . - = a re 


Fuses in the various units of the transceiver cabin protect the 
‘lighting, heating, and plug-and-socket cireuits from shorting and. high 
overloads. | . 


All the vehicles have lightning rods; lightning rod "2" of the f 
transceiver vehicle is shown in zone 7%. The ground in the transceiver = ie 
[ 





vehicle passes through ring 5 of the TK-03 slip-ring (zone 7),. the 
chassis of the ShU-1 cabinet, and from there to all the cabinets and 


units of the equipment. 


cabin undercarriage and ring 5 of slip-ring TK-03, is Located in the 
KK~1 cable box. . 3 oe | ho | - eS 
- ~ 176 ~ eet OM e 


wa 


The transceiver-cabin prounding terminal, which ‘is connected to the — : 
| 
| 
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/ ‘The ShU-1 Control Cabinet 
| The ShU-1 control cabinet (Figure 104) is in the transceiver cabin. 


| In ‘the control cabinet are the controlling, adjusting and testing (p 271) - 
" devices," relays and automatic devices which connect and service the ay Wea 
-. transceiver equipment fuses and signal lamps. The control cabinet also 
- eontains items not intefrally connected to it, namely the ABZ emergency 
| trigger unit, the transformer that supplies the main transducer unit FD-02 
. (selsyn unit), the transformer that supplies both the cabin lighting 
‘ etireuits and those of the selsyns in _ the geass mechanisms. 


‘The RT-1LOB eaaas tester is on the top. cover of the control cabinet. 


{wo three-phase voltages .(220 volts, 50 cycles; 200 volts, 400 cycles) - 
are supplied to the control cabinet from distributor box RK. 


Twelve volts AC are fed from the OK LO vattery to the control cabinet. - . 





Figure 105 shows the schematic circuit atacram for the ShU-1 con- 
trol cabinet. Section 2 of this chapter describes the operation of the 
automatic devices and control devices of the ShU-1, which are a component. 
~ part of the control, testing and protective sven of the radar. 


‘Their distribution in the panel is shown in pigs 106. The Lower | 
part of the cabinet contains the pull-out ABZ trigger unit. 


Between the swing-open ‘panel and the pull-out units are the eos. _ (p 274) 
matic protective devices for the antenna rocking mechanisms and the auto- .. - 
matic cabin fan switches, 


Behind the front panel, inside the capines, is a act with pies - 
and automatic devides; this panel can be swung forward until stopped by 
two extensions; in the. one position, it is held by two cae, 
Locked screws. : | 


When the front panel. is open and the swing- out panel is swung out, 
the contact strips inside the control cabiney. are accessible. 


A schematic cireutt aiagren of ‘the Sw is on the ene tee right 
wall of the Cees it an ae 


UT 50X1-HUM 
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Fig 104. ShU-1 Control Cabinet (p 272) 


1. ABZ trigger unit 

2. meter 

« mode switch 

» pushbutton switch 

» cabin-rotation switch 
» 12=-volt socket 
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The PDU-L Remote Control Panel | 90X1-HUM oe 


The PDU-~l (Figure 107) is in the center upper part of the DUS-1 
remote-control cabinet in the indicator vehicle and is used for the 
remote control of the transceiver equipment and auxiliaries and to 
regulate, check, protect and indicate their operation. 


A schematic circuit diagram of the PDU-1 is shayn in Figure 108. (p 275) 


The PDU-1 components are supplied 220 vies, » 5O-cycles, from one 
three-phase network and 200 volts, 400 cycles, from the other three- 


phase network, as well as -150 volts from the B BP=150 power pack in the 


DUS-1 remote control cabinet. 


The operation of the PDU-1 components is described in section 2 of 
this chapter. The PDU-1 is of a flat metal desigm and swings dow on 
hinges to the horizontal position where it is held by side rods Goce 
tothe DUS~1 cabinet. 


“When the panel is opened, the ciz rcuit components can be reached for 
testing or repair. 


in the operating position, the panel is held in the. vertical poets 
tion by two safety-locked screws. | 


A schematic circuit diagram of the PDU-1 is displayed on the metal | 
rack mounted on the top of the PDU-1 cabinet. 7 eG 


The UN I and UN II Units 


The UN I and UN II units (riwone 109) control ‘the rocking of the 
heroes and slant antennas. 


‘These units are located in vehicle No 2; the UN I unit is at the | 

top right of the IKO~1 (PPI) cabinet, and the UN II is also at the top (p 279) 

right of the IIV-1 height-measuring indicator. The units contain | 
receiving selsyns and switches for controlling the a of the antennas. — 


Figure 11LO gives the senenaers diagrams of the units. “The units 
are fed ‘phase A and phase B voltages, 220 volts, 50 cycles, from the 
three-phase network, through the RShch [control pene)? | of vehicle No 2. 


The operation of these units is described in “the section on the 


_ operation of the antenna rocking mechanisms. Both units are made of a 
‘welded steel frame and sheet side panels, which can be removed for 


access to components. 


90X1-HUM 


The schematic circuit diagrams are on the outside walls of? the 
units, the UN I on the right, the UN II on the left wall. 
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Fig 106. ShU-1 Cabinet With Open Front Panel (p 276) 


1. ABZ control unit 
2. automatic controls and relays 


3. control panel: 
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Fig 107. PDU-1 Remote Control Panel (p 277) 


. fuses 

. Signal lamps 

. dials of receiving selsyns 
. rocking-mechanism switches 
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Fig 169. UN-I and UN-II Antenna Rocking Controls (p 280) 


1. switches of antenna rocking mechanisms 
2. dials of receiving selsyns (selsyn motors) 
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“Fig 120, Principal. Circuit Diagram of the UN«I and UN-II_! = & 
Antenna Rocking Controls 2 
_ (p 281) 
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4, The ABZ (Emergency Trigger ) Unit ose © 
The pyrpose of the ABZ unit: _ os | | _: 


1. to form trigger pulses used in the automatic operation of 
the PPA; and | : 


to switch the triggering of the PPA (transceiver) automati- 
cally. | 


When trigger pulses arrive from the BZ unit of the ZNF (master 
voltage) cabinet, they are applied to the input of the transmitter 
trigger circuit; when the supply of trigger pulses from the BZ unit of 
the ZNF«L cabinet to the input of the PPA trigger circuit is cut off, 
equivalent pulses are fed from the ABZ unit of the ShU cabinet. 


we tem oe 


ce 


ne mr me 


The switching circuit provides a switching-over from the BZ unit (p 282) 
in the ZNF cabinet to the triggering of the transmitters from the ABZ ~ 


unit in the ShU-l cabinet. 


The current supplied from the 50-cycle network does not exceed 0.3 
amp at 220 volts. 


me pt tee 


the unit guarantees the removal of the 


The protective circuit for 
"plus 330-volt" circuit. 


output voltage whenever there is a& short in the 


Principal Circuit Diagram of the ABZ. NB2.075.901 SKhE 


The unit is fed with 220 volts AC, 50 cps at the primary of 
transformer Tr-1 through:fuse Pre-l (0.25 amp). The rectifier is — 
_ designed as a bridge circuit with four selenium piles, type AVS-25-15. 


near ings’ Suan. oh partes Ge Ge ae 


: « nw ek et tm tee tet = tae ee soe . ‘7 “* = Bt - 
as - = 7 . 
a A rea at m : 
. — Re pm ee eh alent A apr Eee tines meet : : 
SR tr nea ae te v 5 — 
pate - 
ae ETS GE me nly wm ny gn meee geting a LP oA, 
| I cape ep Ar tee 


é 


ath ra 6 gus aerial enter 2 : ‘ina cpa ~ ac Avene wt? od earn retewn we-te, etn oust Sener ein ET a 
© a tr ner ey pn mets te ee See see ph - : a 
an nay tnetgn a owes + oh ore - a as weet 
. ere zeae mee on 


The rectified voltage is fed through a pi-shaped filter, consisting 
of resistor Rl and capacitors Cl and C2, to the plate circuit of tube 
V1 (6P8S) of the pulse triggering circuit and to the plate circuits of 
tubes V3 (6N8S) and V4 (6P9) of the automatic trigger switching circuit. 





The trapezoidal voltage from the output of the second stage of (p 284) 
the amplifier-limiter is fed through capacitor C5 to the 3.6 winding — 
of blocking transformer Tr2 where it is differentiated. 


The peaked pulses formed as a result of differentiation are fed 
to the grid circuit of the blocking oscillator which is operated in the 
triggered mode by a negative bias taken from resistor R1O of voitage 50X41 -HUM 


divider Rll, R10. 
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Fig 112. (p 287) 
General View of the 
ABZ Emergency Trigger 
Unit 
WA 
Fig 113. (p 288) | 





General View of RK Distributor Box 


1. voltage switch (50 and 400-cps) 
2. tester in case 
3. fuses 
L, ° switch V2 
5. busbar assembly 


a ee al lt 
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‘low value of the plate current. Since the winding of relay RSCuwjze 45 


aonnected to the plate eireuit of tube Vi, the relay is de-energized, 
and its moving contacts come together with the lower fixed contacts. 


When bre trigger pulses are cut off at the input of the thyratron, 
the negative bias is removed from the grid of tube V4; its piate current — 
pen causing a aa to operate. 


The moving contacts of the RSCh-92 relay are closed age inst: the 
upper fixed CPEUars® 


Design - the ABZ (Emergenc Irig er) Unit 


The unit is assembled on a standard chassis and installed in the - 
left lower opening of cabinet ShU-1. A 3 


The tube section of the assembly contains: three 6N8S tubes 
(tubes V1, V2, and V3) and one 6N9 (V4). Inside are transformers 
Tr-l and Tr-2, selenium piles AVS-25-15, capacitors Cl and C2, relay 
RSCh-52, and a resistor (Rl) type PEV-10. 


Type MLT resistors and type KSO capacitors are mounted on tube 
panels, supporting contacts and two Peon re: plates. 


On the front panel of the unit are the PRL fuse and two TN-0. 3 
signal lamps. 


The distributor box contains the components for switching-on, - (p 289) 
switching-off, reversing and directing electrical energy, the 
distribution busbar, safety-fuse holders and plug sockets. vs 


On the top of the box, with the special sockets, are the ampere= a 
voltmeter (tester) and microammeter in containers. = ee ae 


When switch Vl is on, a three-phase voltage (220 volts, 50 cps; 
200 volts, 400 cps) is fed to busbars Pl-P6, which distribute the 
electrical energy te the equipment of the PPS (transceiver) cabinets | 
and the ShU-1 control cabinets. Switch V2 connects the electric heaters - 
and electric exhaust fans, plus the plug and jack assemblies Gl-G4 to 
the internal or external voltage network (220 volts, 50 cps). 


Safety fuses Prl and Pr2 protect against short circuiting during 


-Operations with the portable electrical equipment and inatruments. 


The distributor RK is designed as a rectangular box ‘and eGusiees of 
& frame, top cover, front panel, packaged six-pole switch, busbar_sceomhly 
external power supply panel, a front door that Opens , . two side pac 1-HUM 


one bottom wah, a er he 


-” 


~ 1%) 


f iDeciassiicd in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA- RDP80T00246A031500270001 -2 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/10 : CIA-RDP80T00246A031500270001-2 | 
| 
| 
| 


° 


@ = | The badvax assembly is near the pottom of the eieed. ThoO0X1-HUM 
" busbars: are attached to insulating sheets and have bolt:and screw 
tai connectors. 


The seecaas power supply panel is on the right of the busbar 
assembly, behind the front door. | 


A schematic circuit diagram is attached to the back of the door. (p 290) - 


“Ss Control, Testing and Protective Equipnent. General Information 


Among the electrical equipment and instruments of the control, 
testing and protection system for the radar are certain special automatic 
devices and relays that. are. designed for’ use Under conditions other than. 


normal. 
\ 


Fe 
* 


These are classified as follows: 


Automatic devices? .. 


tet Bek) 


ee s nitousteis devices with electromagnets (renote AC. 
drives, types AD-3x5, AD-3x5 b/23 AD~3x15) 5 


w- automatic devices with hand operation, types 


AP50-ZMI, AZ120.. ; 
\ 3 


| : Relays: | 
AG timing relays: — relay type RVM-300-2 and 
thermal relays type TRV=1VM; 


| : : | a centrifugal speed-control relays, ; types ‘TsR-1 and 
mechanical wR). | 


‘ ) re | <oeliutiie voltage relays: 


a) DC relays, types RAD-4P, RSCh=52_ na 
b) AC relays, type RA~4P; | ! 


_— electronagaetie | current b relayet DC relays, ees (p 291) f 


4 RKNP-1, RES-6. | 

4 ‘The schematic circuit diagrans of these automatic devices and yvelays © 

4 | are shown in Figure 14. an a . = os 
a a _ - yas 50X1-HUM 
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Automatic Devices — a | S0X1 -HUM 7 © 
The type AD-3x5. automatic device is designed to switch on and switch 


off the three-phase electrical circuits (220 volts, 50 cps, nominal » . 7 
current 5 amp) and to protect them from current overloads. 3 


Tt has a main electromagnet GE, three main contacts GK, two groups 
of blockecontacts BK, three thermal tripping devices (bimetal sheets) 
BP,.which operate at medium current overloads, and three electromagnetic 
tripping devices ME, which operate at maximum current overloads. Each 
of the three poles of the automatic device consists of a GK, BP, and ME 


connected in series. 


er i a ‘ 
Fe errant treme Het or cen ee eral peer where oe eee ene emie 
een terse ee 


The nominal voltage of the GE winding is 220 volts, 50 cycles. 


A simplification of the kinematic diagram for the AD=-3x5 automatic 
device is given in Figure 115. The simplification involves the 
presentation of the elements of only one pole of the automatic device, 
instead of three, and of one group of BK, instead of two. The rigidly 


coupled parts form one section. . 


There are eight moving parts and one fixed chassis. 


Ae eS eR en Ser ewer ove ss Ee eS epee 18 ee rte pean ae eee Tet ten ome, RI I OE OS ON EN OO areres Ere oo ayy e 


a a Rt ee hee Bays 7p *I at alata mr aneaaad . - om “eee rahe 
OC, OT OT ch car ONS ee a ee = oe a 


Sa ae a eR ORE eas Ta a Cnet tiertend me ahh Rt 


Seam tas Sagem ec oe = 7 na wins ; os : m 
ae: ee a mel et me = oe ys gh cele et Ne” Nene gee : ry : 
meagre et te Fe EB aelipreite ep a 


On the diagram the moving parts are shown with the automatic device 
in the "on" position (armature of the main electromagnet drawn in). (p 292) 
The directions of movement of the parts when the automatic device is 7 
turned off are shown by the unbroken arrows. These directions are 
opposite when the main electromagnet is turned on. 


saan 9 OF te ee am meets 
rene ee a sme oe ek v= 


When a current overload passes through’ the pole of the automatic 
device, its current tripping aevice BP or electromagnetic tripping 
device ME causes the shaft of the protective relay to rotate, which 
opens the main contact GK and reverses the switch VK. The motion of the 
parts in such a case is shown on the kinematic diagram by broken arrows. 

Tne automatic device is switched on again only when the main electro- 
magnet is energized. | 


ee ete ee at ome 


The Automatic Device Type AD-3x5 b/z (without protection) is designed 
to switch on and switch off the three-phase electrical networks with  -u02. |. 
200 volts, 400-cps, nominal current 10 amps, or 220 volts, 50 cps, 
nominal current 5 amps. Unlike the type AD-3x5 automatic device, it has — 
no electrical protection,neither BP (bimetal sheets) nor ME electromagnetic 
tripping device (Figures 114 and 115). | 








The nominal voltage of the GE (tain electromagnet) winding is 220 
volt O cycles. — | ae : 
og a 50X1-HUM 
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AD as 5b/2 | : Ay ns (VPS 0 ~<— RAD-L P relay. | 
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TRV-1VM relay = ae P relay 
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MR relay | 










Fig 114. Schematic Circuit Diagrams of Automatic Devices 


(p 293) 
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Fig 115. Simplified Kinematic Diagram of the AD-3 x 5° 


Automatic Device (p 294) 
1. armature of main electromagnet with arm and cylindrical 
push rod 
2. protective clamp aieh cam 
3, clamp with plastic push rod and adjusting screws 
4k. spring-actuated main contact GK 
5, bimetal sheet BP 
6. moving contact BK ~ 


9-13. adjusting screws | | a 
14-17. retracting springs 
a A,B,V,G: pivots 
| Es; main electromagnet 
GK: main contact 
BK:. block contact 
ME: electromagnetic suivant beipatne device : 
BP: thermal current tripping device | se -HUM 
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The Automatic Device Type AD-3x15 is designed to switch on and 
switch off the three-phase electrical networks with 229 volts, 50 cycles 
and nominal current 15 amperes, in order to protect these networks from 
current overYoads. | 


It has one main electromagnet GE, three main contacts GK, two 
groups of block-contacts BK, one signal contact SK to check the operation 
of the tripping devices, three thermal tripping devices (bimetal sheets) 
BP, which operate when maximum current overloads occur, anda blocking (p 295) 
mechanism BM which produces a visual signal when the tripping device 
operates. Each of the three poles consists of a main contact GK, an 
electromagnetic tripping device ME and a bimetalesheet tripping device 
connected in series. | 


The nominal voltage of the GE winding is 220 volts, 50 cps. 


A simplified kinematic diagram of the AD-3x15 automatic device is 
shown in Figure 116. The simplification involves the illustration of 
the elements of only one pole of the automatic device, rather than three. 

~ The rigidly coupled parts form one séction. 


The moving parts are shown on the diagram with the automatic device 
in the "on" position (armature of the main magnet drawn in). ‘The 
direction of motion of the parts when the automatic device is turned off is > 
shown by unbroken arrows (directions opposite when automatic device is on). 

When an overload current passes through’:the pole of the automatic 
device, the current tripping devices BP and ME cause the shaft of the 
protective relay to turn, which opens the main contact GK, reverses the 

-- block-contaot BK and closes the signal contact SK. The motion of the 
| parts for this case is shown on the kinematic diagram by broken arrows. 
The positions of the parts of the automatic device and, consequently, |: 
of the contacts after the tripping device has operated are held by the 
blocking mechanism MB (BM). The automatic device is switched on again 
only when the main electromagnet is energized, after being released 
manually. : 


The Automatic Device AP 50=3MI is designed to switch on and switch (p 297) 
off the electrical networks with 360 volts, 50 cps, or the networks with | 
220 volts and nominal current of 2.5 amps.) 


The AP 50-3Mf has a manual drive mechanism, with pushbutton on and 
| off switches, three main contacts GK, three thermal tripping devices 
/ (bimetal sheets with heaters) BP, which operate under medium current 
overloads, and three electromagnetic tripping devices ME, which operate | 2 
at maximum current overloads. Hach of the three poles of the automatic 
device consists of one main contact GK, one thermal tripping device BP 
and one electromagnetic tripping device ME connécted in series. The 
adjusted current of the thermal tripping device is 1.75 amps. 


-195 = _ : ae 
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a a t 
Fig 116. (p 296) os antpe te @: 
Simplified Kinematic Dia- ss . 
gram of AD-3 x 15 Automa- | 
tic Device of : 

; 2? 
1. armature of main electro- | Eb Sbicmometm 
magnet, axis of armature, Wr n 
lever arm on axis and arm | \ “eo i. 
limiting armature movement | \ \se "4 Ds 
2. link : | eH | 3 
3. intermediate lever _ | (4 ; : 
4. link Ae i. 
5+ lever on axis of push rod ¥ al ES Y : 
axis of push rod, | i" sd |? B | B® As 
push rods of main con- Tap l| —— a o-— . 
tacts with screws for pare 2 F a | 
adjusting gaps between — | Nee ft 2p ~~ ral i 3 
main contact and lever Se a Oy ot | 
of block déntacts i y Rs Dh. Te ak 
” 6. lever of moving contact ~ dee Pee 
7. moving (floating) contact er Ra — ee = 
8. bimetal sheet of thermal 20. spring of catch 
current-tripping device 21. spring of pushbutton for 
9. armature of electromagnetic ‘blocking mechanisn 
current-tripping device 22, armature travel limiter 
10, plastic lever on shaft of . 23. support 
cutoff with adjusting screw 24. adjusting screw 
ll. shaft of cutoff with flat 25. support 
and lever arms 26, fixed contact | | 
12. axle of cutoff lever and of 27. adjusting screw 7 
! Signal contact 28. push rod of blook 
- 13. catch, axle ami its lever contact 
14. pushbutton for MB blocking 29. second group of block 
mechanism contacts 
15. retracting spring of mving | 30. first group of block 
contact contacts 
16. spring producing contact 31, signal contact 
pressure | Jee Signal slot 
17. retracting spring of electro= . 
magnetic current tripping A, b, B, I’, A> E, OK , 3, Vi, 
; device : | 
18. retracting spring of cutoff Ky Ay ” H, _ I : payors 
' shaft cs 
19. retracting spring of spring 
Levers 
. ~.. 8OX1-HUM 
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os . automatic device is analogous to that of the ausomatie devices +ype ee eae 
| ADW3x5 enane 115). 2 eek. ; a 
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The principle of operation of the tripping mechanisms of this = «©. . 


/ 
Relays 


| - Yhe Motor Timing Relay, | e RVM-300-2 operates on two-phase - ae 
(approximately 90 degrees phase difference). AC (110 volts, 50 cps), =... 


and is designed to close and open three electric circuits with 220 


- volts, 50 cps, nominal currents of 3 aups, with t time lags of from ° 
- 30-65 seconds to 340-375 seconds. | | 


The eivouttes: are opened viuieaieasig: 


The relay has a two-phase synchronous motor, solid and hollow shafts, 
four adjustable cams, electromagnetic clutch, which connects the above- (p an): 
mentioned shafts mechanically, gear and worm drives which reduce the 
rpm of the motor shaft down to the rpm of the camshaft, and four aeeeR 


— one of which shute off the electric motor. 


> 
OR oe ere 


The nominal voltage of the electromagnet of. the clutch is 220 eee as 
50 cps. | 


A kinematic diagram of the RVM-300-2 type sia ae shown in Figure aT 
The Thermal ‘Timing Relay, Type TRV-1VM is designed to close the 


electric circuit with 220 volts, 50 cps, and maximum current of 0.5 amp. i ae 
The closed circuit should have an electrical cutoff to guarantee . 2 


disconnection of the relay immediately after it has eet The relay 


contact should Open wivnous: cece 


The time delay is uepaune’ in the peiceias by indirect menting 
of the bimetal sheet, when the heater winding is fed a 220 volt, 50=-cps ee 
current through a Qekilohm resistor connected in series. With this 
resistance value a nominal time lag of 25=35 seconds is obtained. 


Since the relay has contact-type temperature compensation, the time . 


of its response depends little on ambient temperature. There ie additional | 
compensation by the bimetal sheet with the enna: — | : 


The Type RSR-1 Relay acts as a commutator of one Slectrical 220«volt, 


50-cps, network with nominal current of 0.5 amp when the speed of the . (p 299) 
shaft of ‘the relay rotor is increased or decreased within the limits 3 
dl, 800-2, 100 rpm. 


| | : 50X11 “HUM 
: os .% =, 22 APs 
“The nominal eon eoe the relay is 3,000 rpm, Ye ae 4 a 7 a 
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Fig 117. Kinematic Diagram of Relay RVM-300-2 Cp 300) 


1. worm on shaft of electric motor 
2. worm wheel and worm 
-3. worm wheel and gear 
_&. gear on inside (solid) shaft 
' 8, outside (hollow) shaft with adjustable cams 
6. armature of electromagnet of the clutch with 
‘parts that provide a shifting of the meshing 
part of the clutch with the cam 3 
7. shock absorber : 


50X1-HUM | 
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1@° 0° . = | 5OX1-HUM™ 825 03S 
ei The velay consists of the fixed body (stator) with brushes and | Pe 
“4 0C< te potating rotor with twoering slip-ring, separately connected to the ~~ as 
“i  °: 7 supporting (fixed) contacts, and with the weighted flat contact. (soring) : 
ay  " gpring. 7 a oe 
4 Phe Mechanical Relay (MR) switches one electrical network (220, on 
“3 os . .volts, 50°cps, one amp) in two directions ‘when or ne speed is ee te 
q "reached at which the relay motor is set. | oe 
4 2 When the rotor speed increases, the meliay capaeae (revaduas et ae 
4 ae contacts) at opera rpm. The — relay rotor speed is 1,500 rpm. 
i 
e The relay has a fixed stator tnd rotating rotor with solid ring, 
3 - which is almost perpendicular to the axis of the rotor when it is | 
‘ ..- yotating. In the initial position, the ring is not perpendicular to the . 
“ ‘’. axis of rotation. The centrifugal force of the ring creates the aie ee 
A force required to reverse the relay contacts. : | | } Py! Te se 


Sh 
The RAD-4P Type Relay is designed to. switch four electrical © (p 301) -.. 
networks (220 volts, 50 cps, 3 amp) in two directions simultaneously. .«. 
The nominal voltage of the electromagnet in the relay is 220 volts DC. | 7 nN 
A 4,000-ohm limiting resistance is connected into the circuit of the 


relay winding. Upon starting, it is. short-circuited by the poreine 
minsOehCOMEee He of. the pened | - 


7 a wee. 7 "i ae 
° — i at ae 
ag evi ee 


— St 


am oF 


A see 
A aie ole gt oy Ns 


aes 


The RSCh-52 Type Relay can stuiitaaousis switch in two @irections | . 
_ six noninductive circuits with 26 volts, 2 amps, or with a0 volts and = 
0.125 amp nominal current. tie 


The nominal voltege of the ‘electronagnet winding in the relay is va 


“135 volts DC. a | ms 

ae oes The RES-6 Relay switches on and off two ‘2Bevolt De (on amp) s 
o _ electrical circuits with noninductive Load. os 

“4 * 

4 . ee The nominal current of the electronagnet winds ing of liek watts igs 

4 a 32 milliamps. So 7 ae A 

: The current is DC.. } 

“1. >, he RAMP Relay simultaneously switches in two directions four 

aI _"  elreults wae 220 une 50 cps and nominal current of 2 QNPs. - 

A og he The nominal voltage of the electromagnet winding in the relay is | ee 
ee fo 220° volts 50 neee, Lea « ot 4 ee 
A a The DC mee RKMP-1 Relay ier & twoecoil relay which uses an operating = 

a) +, - + current of 526-575 milliamps for the secondary winding of its electromagnet, | 
“4 or 135-175 milliamps for the primary and secondary connected in series. 7 oe 


me : 

Tt . 
a) . 
tn" @ 
a . : . 
Fay. ‘ : ‘ . : . Esk 
olay . Ms , 5 ba’ mm 2 # ae 
e-“g “ b . + ‘ . 4 ; 
wets . . { . : - . ate : 
4g ; ; Meade ! ee Ae OS a 
Fg ee A. 6 eS 
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When the secondary functions and the prinary 4s shorted, the relay (p 302) 
has a D0-microsecond delay in responding. 


anne gts ¢ 


This relay is used to protect DC networks from current overloads. 

The relay contacts can switch a 2-amp current when the voltage at 
the open contacts is 32 volts DC, or a -.leawp current at 300 volts DC, 
with noninductive loads. | 
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per square centimeter, not less than 840-grams per square centimeter for 
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7 CHAPTER SEVEN 


ROTATING CABIN ACCESSORIES 
/ : ‘ 


- In addition to the cabin equipment described above, there are 
also other accessories inside the cabin. These include: the cabin 
rotating mechanism, the slip-ring, exhaust fans, heaters, lights, 7 
signalling and cutoff devices, parts to the mechanical and electrical 
equipment, cabinet and box containing inventory items and instruments. 
| 1. The TK-03 Slip-Ring a 
: : eS gen ae ee ee ee 
: ; \: 
The slip-ring (shown .in Figure 118) connects the external power BR 
circuits to the transceiver equipment and other equipment inside the ~ .- 
cabin. : | } | 


The TK-03 slip-ring, which is in the center of the cabin, provides: 


‘the transfer of electric power (50 cps) from the power plant and (400-cps) 


from the VPL-30 high-frequency unit; electrical connection of the video 


_ Signal circuits, the synchroe-generator circuits, control circuits, 
| testing and protective circuits, and the ground. 


The TK-03 has six power rings, each designed for up to 40 amperes; (p 304) 


12 high-frequency shielded rings; 56 low-frequency rings, each designed © 


for up to 10 amperes; and one grounded ring. 


The linear speed of the wiping contact of a slip-ring pair (brass 


4 collector, copper-graphite brush) does not exceed 0.13 meter per second. - 


The. specific pressure of the power rings is not less than 630 grams 


the high-frequency and low-frequency brushes, and not less than 350 grams 
per square centimeter for the brush. of the grounding ring. ; 


The slip-ring insulation is computed for an operation voltage not 
over 250 volts (50 cps). _ | 


The stator of the slip-ring has the brush holders attached to it. 


| Inside the stator is the rotor, the axis of which coincides with the axis 
' - of rotation of the transceiver cabin. When the cabin rotates, the rotor 


of the slip-ring remains stationary, and the stator rotates with the cabin. 


_ Carbolite disks,encirclingthe brass rings, slip over the rotor shaft. 
The ring taps have rod-shaped busbars. and RK-49 cables running parallel 
to the axis through the openings in the carbolite disks. — | 
. 7 | ; 50X1-HUM .° 
The rotor, together with the rings, comprises a collector, witn wnicn - 
the slipering brushes are in contact. Each pair of copperegraphite brushes 7 


is in one brush holder which is attached: to the stator housing. 


am DE)1 ae 


~ (p 303) 


oe ee ee 
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| | 90X1-HUM - 
The brush holders are located on all four sides of the stator. tare oo cs 


The collector has 75 rings, divided into three groups. : (p 305) 


| The cae group, consisting of six wide rings, is used for the power i. ee 
cirecults; the upper group, consisting of 13 wide rings, is pace for the i ae 
high-frequency cireults and the ground. — ie. ee | 


Each power ring has two brush holders each wth two large brushes. 
The power brush holders for one ring are corinected in porehiee —- 


Each of the high-frequency rings has one brush holder eenteenine ee RY 
two small brushes. In the center of this group is a special ground ring ne 
with one brush holder containing two large brushes. The brushes of this . - 

“ group of rings have a common cover. | . | eG eo S| 
{ 


The middle group, consisting of 56 small. narrow rings, is used for. 
_ the remaining electrical circuits. Each of the rings in this group has | 
~ one brush holder with a pair of small brushesi es BY 


| The rotor flange has. taps extending from the rings in-the form of wee, . 
terminal clamps, and [from the] instrument sections {in the form of] ae 2 a 
high-frequency plug-and=jack assemblies. 


: : wed 
wae . an a ek AT | 
Mee cate hs ee “+ 


- 2 Bi aed 2 rn wor, ins 
fal Mee eee bee ee o Sheen 


The rotor shaft rides in the ‘stator on two bearings: a single 
radial part Reanane at the lower end and a Octet ane at the upper end. 


ee: Z pe 

wees Poet pee Fee ee be owe 

ne eS ee nt 
“. 


Fe 
: Fe gee WT oe 
we es ’ 


All the rings, brush holders and inside cable are ‘covered by a 
removable, two=piece corrugated cover. 


The common (rotor) flange, with terminal clemps and high-frequency (p 307) 
plug-and-jack assemblies, is in the upper part of the rotor and is covered a 
by a cap. The upper part of the cap is connected to an intermediate SAL fs 
sleeve (adapter coupling), which provides @ clutch coupling with the 7) i: a 
input shaft of the main selsyn unit FD-02. At.the top, this unit is ({ © °° f° 

| installed on the slip-ring and is connected to it electrically by two. | oe bee 
cables. On top of the FD-02 main selsyn unit is. & eran platform 

-for the Oscilloscope and telephone.  — 


’ A plate giving the distribution of the rings of the piipepiag: Ls 
- attached to the housing of the slipering. At the base of this plate, on | : 
the right side, are two pairs of pause ues assemblies and fuse eres 5. Pes 


The cables lead to the. brush holders through the lower flange of CM ee ae 
the housing. The external cables, which dead ue the UPPSE FOGOE flange, : “f0 , 
_ run aasnee ‘the hollow rotor shaft. i fe ee 50X1 -HUM. 


‘Table, 5 liste the K-03 rings. | oe Met Peas o el ee | 7 i 
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- Fig 118, The TK-03°Slip-Ring (p 306) 
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unit of brush holders for high-frequency circuits 
brush holders for the signalling circuits 

brush holders for the power circuits 

rings of the slip ring 
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eo a  Meble5 __50X1-HUM 
' Ring Number : - Designation  - | : 
1-4 © /{no entry] 
Bae ground | 
6 °°.  PRSel receiver (No 1) output ="  . 2 ee pe 
7 “° PRS«l receiver (No 2) output >= (p 308) - 
8 ” PRS«#l receiver (No 3) output Sef “ee ee em 
9 ~ . PRS=l receiver (No 5) output = | 
10. -.. PRS-1 receiver (No 6) output 
a 4 a PRS-1 receiver use 4) output 
12 | starter | oe 
13-14. (no entry] | are 
15 -. PRS-1 amplifier (No 3) control 
16°° ° ~~. PRS«1 amplifier (No 4) control: 
217 | PRS-1 automatic gain control relays (os. 3 and 6) 
18 | + PRS-1l automatic gain control relays (No 4 
— 19 . PRS-1 differential relays (Nos 3 and 6). 
20 . PRS-1 differential os (Nos 1 and 4) 
a 42k PRS-1 gain control (No 6 
| 220 PRS-1 gain control (No 4+) 
+ B3 i PRS-1 gain control (No 2) 
| ah, PRS-~1 gain control (No 5) 
"5 - PRS-1 automatic gain control relays (Nos 2 and 5) 
| 26. | PRS-L differential relays (Nos 2 and 5) | | 
27 =>... Antenna 1 control 
28 rotor of selsyn with 5-degree graduations : 
eo antenna 1 control 
30 «.. : . rotor of selsyn with 5-degree graduations = oe 
31 "antenna 1 rocking control ee gat ne 
32. = ~=,_ = erotor of selsyn with 5-degree graduations a | , 
33 . > antenna 1 rocking control Bae a ag 5 
34 .  - ‘ potor of selsyn with precision, graduations : 
35 + antenna 2 control e Bee 
36 ‘"° yotorrof selsyn with precision eragueesone, | 
37 =: |. saatenna 2 control oie 
38  =°§=* + ~—s rotor of selsyn with precision ereteet cae 
39 «antenna 2 rocking control shi 
WO rotor of selsyn with coarse graduations 7 
bao antenna 2 rocking control “ oe ee ee 
42: - ... rotor of selsyn with coarse graduations ~ 9. ~*~: (p 309) 
4300C stator of selsyn with 5-degree graduations. = ==. re . 
4h = rotor of selsyn with coarse graduations Ot 
hoe 4s {no entry] = a ee. ee 
OMG ‘PPS plate control No 1 eg ee eee ., * ee 
47 -.. emergency signal 7 - ee ee : 
48 PPS plate control No 2 -  50X1-HUM 
Qo On-signal for filament and ‘plate | “S | 4 
| 50 : PPS plate control No 3-, ~ 
@ oh ~ . PRA control 
ee : : ~ 201, = 
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52 -. PPS plate control No 4 
53 . «= rotation control | Se pe eo te, 
ou . PPS plate control No 5 a - a i = 
55 /rotation warning signal a 
56 “PPS plate control No 6 
57 . ~~... telephone | 
58° ~~ current to PS magnetron Nol 
‘$9. - . . vheostat terminal switch | ae 
60 current to PS magnetron No 2 — 
61 LoO-cps voltage regulation 
62 - gurrent to PS magnetron No 3 
63 hOO-cps voltage regulation | 
64 =. eurrent to PS magnetron No 4 
65 i. LOoO-cps voltage regulation 
66 — - gurrent to PS magnetron No 5 
67 [no entry] 
68 -_- gurrent to PS magnetron No 6 
69 [no entry] . 
70 200 volts, 400 cps, phase A 
7. —s« 220 ~volts, 50 cps, phase A 
12 200 volts, 400 cps, phase B 

ge Te 220 volts, 50 cps, phast BD 
Th 200 volts, 400 cps, phase C 
75 : 220 volts, 50 cps, phase C 

2. _High-Fraquency Motor-Generator Unit VEL~30 , - %&y ae OD 310). 


ee The VPL-30 is a unit that produces three-phase DC at ‘4O cps and 
eS nrg e coat AC at 400 cps. : 


Main technical data for the VPL-30: 


The Electric Motor 2 


feed voltage a a as — 380/220 volts 
feed frequency — ae 20 cps. 
 dnput current oo 75/130 amps 


synchronous speed of oeae ton: = 3,000 rpm 
| The Generator 


voltage — , | 208 volts 


current load | | | KO amps” | 
- load power factor =. Ose My - 
_ frequency at synchronous speed y a cps 
. generator unit) ° kilograms 
ences ee (of motor-g | 7 g BOX ‘HUM 
- 205 = . 
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| ow ee _ 50X1-HUM_ 
eis Dimensions =. er ge ie 
length = 3.” = oy 1,330 millimeters : 
_ width F | . : : 650 millimeters oF 
height - | | | 1,235 millimeters .§ 9°. ke 
Components of the Assembly a oe a (p 322) | 


The VPL-30 assembly (Fig. 119) includes: 


' ' : , < 
‘ 
: “ : Lage 
’ : ‘ ' ay 
; ’ oe re 
' = 7 th 
: . . PB: 
e . 
f . a ee 
a . 
, 


- an electric-motor assembly consisting of an asynchronous motor | 
. with & squirrelecage rotor and a synchronous higher-frequency ere : 
. Sone on a common frame, and a SASGe enountes driver ; 


ea control panel; 
- a voltage regulator unit; 


3 - terminal blocks for connecting the ee supply to une motor and 
oe other loads. 


The control panel, voltage regulator unit, and terminal blocks are 
mounted on a common frame attached to the assembly housing. : 


3. Ventilation, Heating, and Lighting of the Rotating Cabin 
Ventilation of the Cabin 


A circulating system of ventilation consisting of two exhaust fans 
and intake vents is cesigned to maintain a normal uous raLuTe within the 
cabin. 


: The moveable vents are over the external opening in the housing of: 
...the fan. At the time of the station's transportation, the vents are 

closed; and when the station is put, into operation, Pane eee opened by 
-. means of cranks located in the cabin. : 


An asynchronous Giseesphaes, MAOsse/oN cyRe.« 0.35 kw electric aobod ( — 
3000 rpm,- operates the fans in the cabin. 


In the housing of fan No. 1 (0K5), mounted on the front wall of 
the cabin, is an S-56 type buzzer which gives a warning signal when . 
the cabin begins to rotate. In.the housing. of fan No. 2 (0K6), mounted — 
on the back wall of the cabin, are terminals for connecting. the cables 
which supply voltage to the SDG selsyn-transmitter and the MKG rocker 50X1 HUM | 
pmechansen of the atant reflector. 


/- 
“ns 


a The fans are turned on trom nae cabinet of automatic mechanisms - | 
ShU-1 R16 and ShU-1 R17. = | oe 
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Fig 119. VPL-30 Assembly (minus housing) (p 312) 
1. driver . 
2. motor-generator unit 


3. control panel 
4A. terminal box 
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© } There are four locations for the intake vents in the seetar oa ey ; 
| the lower part of the door to the cabin, on the side wall behind the 
cabinet of PPS No. 5, and on the right wall behind the cabinets of PPS 
No. 6 and ShU-1. The vents on the door are closed from within by 
mans Of a handwheel. The other vents have screen filters on the inside 
which prevent the Epoene of dirt and dust from the eo in the 
cabin. 


Heating of the Cabin 


Heating and insulation of the cabin does not cause a marked change 
in temperature relative to that of the surrounding air. Therefore, in 
winter before turning on the receiving and transmitting apparatus when. 
shutting down the equipment for a routine check, use the two PET«-l0-2 
type coupled electric heaters in order to raise the temperature in the (p 3k) 
cabin and maintain it above zero (freezing). | 


L. Bach heater operates on 220 v with 1 kw of le 


The heaters are turned on by a "ARATER" switch on the ee of the 
Local control cabinet. . 


4 


Lighting of the Cabin 


Au ACscircuit is the main source of illumination for “ee cabin. 
Batteries are used in case of emergency. 


The cabin has three T-97/-type dome lights with SM-13 airplane (or = 
tank) type electric bulbs (13 v, 15 w). 


| A 200-watt transformer located in the local control cabinet 1s 
used to reduce the AC- voltage from 220 to 12 volts... 


If the AC-circuit. is not operating, the lights are powered from 
two serles-connected 5NKN-45 type alkaline storage batteries, each 
having a capacity of 45 a/hr and a rated voltage of 6.25. 


The batteries are located at the port of the-cabin. Switching from 

the AC-power supply to the batteries is done from the panel of the local 

, control cabinet by means of a special three-position switch. The lights 
are turned on and off with this same switch. | (p 315) 


~~ 


On the panel of the local control cabinet are sockets for plugging 
in portable lights (12 v and 220 v). Sockets for 220 volts are also 
located on the panels of the PS [{ ? (not legible)] units. On slip ring 
TK-03 there are sockets through which 220 volts can be supplied directly - 
by plugging in a cable to ee PPK. 


* 
“ 
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' 
‘ 
, Aa wh, 
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he Signalling and Holding System Deere 2 


A signalling and holding system has been devised as @ safety measure | 
. when the en ‘begins to rotate. — 
The electric motor used to rotate the cabin is turned on remotely or . 
by means of a switch on the panel of the control cabinets In this case 
@ signal is automatically given, warning of the beginning of the cabin's 


rotation. 


An electric holding device (brake) prevents the motor from starting when | 
the cabin is locked in place. This holding device is controlled by a 


' terminal switch located at the rear lock. 


Telephone communication or the cabin with other units on the station 


is maintained by means of a TAI-43 type telephone with a hand generator. 


5 Electrical and Mechanical Accessories (p 316) 


All the cabinets of the equipment are installed on shock-absorbers 
secured to the floor as well as against the walls of the cabin. 


In the right rear corner of the cabin is a cabinet with reserve trans- 


‘ mitting and receiving equipment for me cabin. 


In the lower compartment of he cabinet are spare receiver blocks 


' and a thyratron unit. Above the compartment are eight removeable boxes 


containing spare tubes, detectors, fuses, and a special instrument. A 
complete list of spare parts for the cabin is given in the station parts 
List. 


A folding table is fixed to the rear wall of the cabin under the - 8 
window. When the station is operating, the table serves as a support for 
the RT-~1OB. The boxes are transported under the table with the spare 


parts kit and ShG-Ol noise generator. Generator RT-10B is installed and 


secured to the top of the ShU-1 cabinet. 


On the cover of the distributor box of the cabin are located tke 
portable test instruments: a 125~ a microammeter and a TT-1 type 
ampere-voltmeter. 


6. External Auxiliary Equipment of Cabin 3 (p 317) 
Outside the cabin are: the cabin lock, guys for the cabin in the a 


traveling position, the antenna-securing equipment, the stairway, ladder. 
cable housing and troughs, and other attachments for van KZU-16. 90X1-HUM 
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Cabin Lock 


This is situated in the after part of the van and serves to connect 

the cabin to the van in the traveling position. 

} / | : | 

An electric holding device is designed to prevent the cabin-rotating 

motor from starting while the cabin is locked in place. When the lock is 
in place, the terminal switch breaks the circuit of the power supply to 


! 


- ‘the motor ° 


cabin. A frame is attached to the supports by two pins. 


- pass through the main boom and are secured to the latter with clamps and 





Serene’ to this bean. 


frame, are pulled down and secured to the back of the cabin. The truss for 


Four guys attached to the main boom of the van and engaging hooks in 
the frame of the cabin serve to additionally secure the cabin in the trave 
eling position. 


| Assembly for Securing the Horizontal Reflector 


The horizontal reflector is supported by an arm attached to the front 
of the cabin and rests against a frame attached to the sides of the cabin. 
Rocking mechanism MK-1 is supported by an arm attached to the frame. 


During travel, the beam supporting the arm of the horizontal reflector 
is transported in vehicle No. 6; and the frame, in vehicle No. 5. 


Assembly _ for Securing the Slant Reflector (p 318) 


Hinged - supports are fixed to two arms secured to the rear of the 


A third point of support for the frame is provided by a beam weacten: 
to the roof of the cabin. :‘The trunnion of the MKN rocking mechanism is | 
In the traveling position the braces of the beam, couetnes with the | 


the reflector rocker is also secured there. — 


Cable Hous ing 


Qn both sides of the main boom of the van are cable housings, in 
which are located electrical outlets. The cables from these housings 


covered with eeouens ° 


_ On the front of the cabin is a cable panel with electrical ecuicbeay, ‘HUM’ | 
In the a an the outlets are covered with a canvas hood. 
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on which the movaue ing mechanism is mounted. 





| | 50X1-HUM - 
a | CHAPTER EIGHT | (p 319) 


7 TRUCK WITH ROTATING CABIN 


The transceiver apparatus and antenna (in the deployed radar) are | 
mounted on a special two-axle truck consisting of the vehicle, the Renee 


PUEROES y the coven » the eee mechanism and the equipment. 


The vehicle is the mobile part of the truck. Tt also holds the 


. rotating mechanism and serves as.a support for the. cabin. 


The link between the vehicle and the cabin is the pivot support, 


Electric Motor of the Rotating Mechanism 


A type A-61-4/V induction motor (two speed) rotates the cabin. It . 
is fed from the three-phase, 220-volt, 50-cps network. ‘The nominal power 
of the electric.motor is five kilowatts, and the synchronous speed when 
connected to the windings of the delta network is 1,500 rpm. 


The electric motor is attached to the reduction gear by means of a 


_ flexible clutch. 


The driving plate of the clutch is attached to the motor shaft by a 


feather key and kept from shifting axially by a special screw which is ( 320) . 


locked by @ screw collar. ‘The driven plate of the clutch is keyed to the - 
shaft of the driving gear of the reduction gearing by means of a segmented - 

key, and is kept from moving longitudinally by a nut with lock washer. | ; 
Four pins and a set of rubber rings are pieced in the cone of the driven » 
plate and fastened with nuts. . ee 


Reduction Gear of the Rotating Mechanism | 


The reduction gear is Pour stas with three pairs of en 
gears and one pair of bevel gears. 


One of the pairs of cylindrical gears: ‘hee Cae eects: me other two 
pairs have straight teeth. 


| A rineuakte = of the reduction gear is eee in . Figure 120. ee, | 


Manual DESe for the Rotating Me chanism : : - 
The manual drive is used when the radar is oriented, eae or .. , 
7 ee an | | 8 2 | A ~ 
- 211 = . 50X1-HUM 
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Fig 120. Kinematic Diagram of the Reduction Gear of the Rotating 
| Mechanism | (p-321) 


.° ) 1. spiral driving gear (t = 3; 2218) | 
' : - 2, spiral idler gear (t = 3; Z = 45) 
. 3. spiral driving gear (t = 3; Z = 18) 
i, small bevel goar (t = 33; Z = 45) 
5. large bevel gear (t= 43; Z = 43) 
6, cylindrical gear (t = ts Z= 20). 
7 cylinirical gear (t = Z = 10) 
8. cylindrical gear (t = 3 Zs 16) 
9. cylindrical gear (t= 5; Z=40)  , 
‘10. disengaging gear (t= 6; 2217) © 
ll. claw-half of me : 
12. clutch plate 
13. sprocket wheel (Z = ‘90) 
14. horizontal lever 
15. flexible clutch — 





16-17, vertical levers Bee ., 
19. fixed gear on vehicle (t= = 6 65 2 = 136) 
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50X1-HUM 
The main part of this dxive consists of & pair of bevel gears, 
sprocket, horizontal and vertical shafts and springed coupling rod. The 
drive is in a cast-iron housing attached to the vertical wall in the cabin 
hatch. | 
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